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ABSTRACT
ABUNDANCE AND DIVERSITY OF GRASSHOPPERS AND THEIR
ECTOPARASITIC MITES IN SOUTH DAKOTA
ERICA ANDERSON
2019
In South Dakota, grasshoppers (Orthoptera: Acrididae) are sporadic pests that can
cause economic injury to rangeland and crops during outbreaks. It is important to know
which grasshopper species are present as not all have the same potential to cause damage.
USDA-APHIS conducts annual grasshopper surveys in western South Dakota rangelands,
but the last published survey was in 1925. Of the potential biological control agents
existing, grasshopper mites feed on grasshopper eggs and the larvae are ectoparasites of
nymph and adult grasshoppers. Previous studies suggest that mite larvae reduce
grasshopper fecundity and mobility, making them useful for integrated pest management
of grasshopper populations. Yet, a study evaluating grasshopper mites in South Dakota
has not been conducted since 1944.
The purpose of the first study was to determine the abundance and species
diversity of grasshoppers and the second study was to determine the density and
distribution of grasshopper mites in South Dakota. Data for both studies was obtained by
sampling grasshoppers in both 2017 and 2018 using sweep nets with 40 pendulum
sweeps. Samples from western South Dakota were collected in rangeland and donated by
USDA-APHIS. For eastern South Dakota, 400 sites were sampled once with two samples
collected simultaneously from ditches alongside crop and rangeland.
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The first study determined that the most abundant species were Melanoplus
femurrubrum and Phoetaliotes nebrascensis. For both years, a majority of grasshopper
populations did not exceed the recommended thresholds; however, there were localized
“hot spots” that greatly exceeded the thresholds. Results of the second study indicated
that the most abundant mite (i.e., over 90%) was Eutrombidium spp., which was most
commonly found on M. femurrubrum nymphs. For both years, the majority of mite
populations were relatively low or absent. However, there were localized, increased
populations that were related to increased grasshopper populations.
The results from the first study suggest that annual grasshopper surveys are
necessary to detect potential outbreaks and forecast “hot spots” in the future, while the
results from the second study suggest that annual grasshopper mite surveys could
improve the overall understanding of the importance and impact that grasshopper mites
could serve for integrated pest management purposes.
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Chapter 1: Introduction and Literature Review

Thesis Organization
This thesis contains four chapters. The first chapter is an introduction and literature
review that covers the main topics of South Dakota rangelands, grasshopper abundance
and species diversity, grasshopper pests, general grasshopper biology, grasshopper
sampling procedures, abiotic factors that influence grasshopper populations, biotic factors
that influence grasshopper populations, grasshopper management, nomenclature and
synonymy of grasshopper mites, distribution of grasshopper mites in South Dakota,
grasshopper mites life cycle, grasshopper mite larvae effects on grasshoppers and
grasshopper mites and integrated pest management. The second chapter evaluates the
abundance and species diversity of grasshoppers in South Dakota, separated into eastern
and western South Dakota locations. Chapter three investigates common ectoparasitic
grasshopper mite species present in South Dakota with attachment site preference, life
stages, sex and species of grasshopper hosts of the grasshopper mites, rate of parasitism,
and the relationship between grasshopper populations and mite abundance. Chapter four
summarizes the general conclusions that were reached regarding the grasshopper
abundance and species diversity, as well as the density and distribution of grasshopper
mites in South Dakota.
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Literature Review
South Dakota Rangeland
Hewitt and Onsager (1982), estimated that grasshoppers (Orthoptera: Acrididae)
were responsible for the consumption of approximately 21-23% of rangeland in the
United States. In 2017, there were approximately 10 million hectares that were classified
as rangeland in South Dakota (Davis and Smart 2017). Together the amount of rangeland
in South Dakota and the potential negative effects of grasshoppers indicate the need for
evaluation of grasshopper populations within South Dakota. Most grasslands in South
Dakota are composed of a mixed-grass community with mosaic, plant species, while tallgrass prairie once dominated one-third of the state (Gartner and Sieg 1996). Of the few
remnants of tall-grass prairie, the dominant species are big bluestem (Andropogon
gerardii Vitman), little bluestem [Schizachyrium scoparium (Michx.) Nash], Indian grass
[Sorghastrum nutans (L.) Nash], switchgrass (Panicum virgatum L.), porcupine grass
[Hesperostipa spartea (Trin.) Barkworth] and tall dropseed [Sporobolus compositus
(Poir.) Merr. var. compositus]. However, much of the area that was originally tall-grass
prairie is now cultivated for row crops (Gartner and Sieg 1996). Mixed-grass prairies are
made up of dominant species like western wheatgrass [Pascopyrum smithii (Rydb.) Á.
Löve], needle and thread [Hesperostipa comata (Trin. & Rupr.) Barkworth ssp. comate],
little bluestem (S. scoparium), prairie sandreed [Calamovilfa longifolia (Hook.) Scribn.],
green needlegrass [Nassella viridula (Trin.) Barkworth] and stonyhills muhly
[Muhlenbergia cuspidata (Torr.) Rydb] (Gartner and Sieg 1996). Species including
Kentucky bluegrass (Poa pratensis L.) and leafy spurge (Euphorbia esula L.) are
considered invasive species in South Dakota rangelands (Gartner and Sieg 1996).
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Annual grasslands have the highest grasshopper populations that are comprised of low
species diversity with an increased number of pest species present (Fielding and Brusven
2000).
Grasshopper Abundance and Species Diversity
In the United States, there are 620 species of grasshoppers according to Arnett
(2000) with nearly 400 of those species found in 17 states in the western United States
(Pfadt 1984, USDA-APHIS 2002). Grasshoppers have been found in several ecosystems
including prairies (e.g., short, mixed, tall and desert), mountain meadows, disturbed
lands, rangelands and row crops (Pfadt 1994a, Pfadt 2002). However, not every
grasshopper species that is observed is necessarily a pest, and many are specialized
feeders of particular vegetation types (e.g., grasses and forbs). Of the 400 species,
approximately 20 are considered common or serious pests because they are capable of
causing economic damage to rangelands and crops (USDA-APHIS 2002). In a given area
as many as 45 different grasshopper species may be observed, and of these it is likely that
more than one species is capable of causing economic damage alone. The impact on
rangeland may be worse when multiple pest species are present simultaneously (USDAAPHIS 2002).
Hebard (1925) conducted the last extensive survey of grasshopper species
diversity and abundance in South Dakota. Another more recent study that included
species diversity in South Dakota was a multi-state study by Fauske (2007), a project
titled “Orthoptera of the Northern Great Plains”. Also, McDaniel (1989) offered a very
useful field guide that detailed grasshopper species in South Dakota; however, a large
portion of its information was excerpts from of a similar guide by Capinera and Sechrist’s
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(1982) entitled “Grasshoppers (Acrididae) of Colorado.” Annually, USDA-APHIS
conducts a survey of grasshopper abundance in western South Dakota. This survey is not
species specific, although some samples are collected to examine species composition.
These public records do include population density for multiple sites in each county and
are used primarily to forecast future outbreaks. This survey data is combined with several
western states to examine multi-state trends.
Grasshopper Pests
Grasshoppers are capable of causing economic damage to crop yields and
rangeland tonnage and are classified as pests in South Dakota (Pfadt 1994a). This
economic loss occurs during population outbreaks as grasshoppers compete with
livestock and humans for resources (Bohls 1982). Although plague level, multi-state
outbreaks that were observed during the westward expansion (e.g., 1800’s) and 1900’s
are rarely observed today, population outbreaks can still cause significant economic
damage in localized “hot spots.” Even with decades of research on grasshoppers, the
information that is necessary to accurately predict outbreaks is still being studied (Joern
and Gaines 1990, Lockwood 1997, Joern 2000, Branson et al. 2006). Smith (1954)
collected and summarized data regarding grasshopper populations for 100 years in
Kansas, noting the changes in grasshopper population composition, methods used for
management and the biology of species of grasshoppers. Although grasshopper
populations rarely reach the severity of those that were noted in the past, they are still one
of the most economically damaging pest of rangelands (Hewitt and Onsager 1982).
Furthermore, USDA-APHIS historical records in South Dakota indicate that multiple
species of grasshoppers are capable of causing yield loss.
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Historically in South Dakota, Melanoplus spretus Walsh (Rocky Mountain
Locust) was a common pest before becoming extinct (Parker 1939). In 1937, the
dominant species were Melanoplus sangunipes Fabricius (migratory grasshopper) and
Melanoplus femurrubrum DeGeer (redlegged grasshopper). However, Melanoplos
bivittatus Say (twostriped grasshopper) and Melanoplus differentialis Thomas
(differential grasshopper) were also common in localized areas (McDaniel 1989). By
1943, the dominant species were M. differentialis, M. bivittatus, M. sangunipes,
Melanoplus confuses Scudder (pasture grasshopper) and Melanoplus packardii Scudder
(packard grasshopper) (McDaniel 1989). This change in dominant grasshopper species
was likely associated with changing ecology as increased cropland brought about plant
communities' structures and cultivation practices to prairie grasslands in South Dakota.
In order to better predict similar outbreaks related to changes in which
grasshopper species gain dominance in a given area, it is important to understand the
changes in grasshopper population abundance and species diversity over time. This is in
part because not all grasshopper species reach outbreak levels and not all cause economic
loss (Pfadt 1988). Some species even make positive contributions to grassland health
(McEwen 1987, Belovsky and Slade 2000, Branson et al. 2006). For example, in South
Dakota, Hesperotettix viridis Thomas (snakeweed grasshopper) is considered a beneficial
species because it primarily feeds on rangeland plants that provide little to no forage
value for livestock (Pfadt 1994a).
As mentioned, the USDA-APHIS conducts an annual survey of grasshopper
populations in western South Dakota that is used to forecast where population outbreaks
may occur during the following year (Mesman 2016). Although grasshopper populations
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in eastern South Dakota are not normally surveyed, insecticides are often applied to
reduce their populations during outbreak years when serious defoliation is occurring to
crops and pastures (Varenhorst and Chirumamilla 2015). As mentioned previously,
Hebard (1925) was the last extensive grasshopper survey that included the entire state of
South Dakota as well as species diversity. Without acknowledging the species that are
present in more recent surveys, it is possible that community changes have occurred, or
insecticide management may be occurring to reduce large populations of a benign species
(Pfadt 1994a). In order to effectively manage grasshopper populations in both rangeland
and row crops, both grasshopper abundance and species composition sampling are
necessary (Whipple et al. 2010).
Hebard (1925) observed a total of 103 species and races of grasshoppers in South
Dakota. The most abundant species were Melanoplus mexicanus Saussure (lesser
migratory grasshopper), M. femurrubrum, Trimerotropis pistrinaria Saussure (barren
land grasshopper), Trachyrhachys kiowa Thomas (kiowa grasshopper), Orphulella
speciosa Scudder (slantfaced pasture grasshopper), Phoetaliotes nebrascensis Thomas
(largeheaded grasshopper), Melanoplus keeleri luridus Dodge (keeler grasshopper) and
Melanoplus gladstoni Scudder (gladston grasshopper). McDaniel (1989) determined
there were 94 species of grasshoppers in South Dakota. The most abundant species were
M. sangunipes, M. femurrubrum, Melanoplus dawsoni Scudder (dawson grasshopper),
M. bivittatus, Hypochlora alba Dodge (cudweed grasshopper) and H. viridis. Fauske
(2007) noted 99 species of grasshoppers in South Dakota but did not evaluate the
abundance for each species observed. A species that is typically a pest of one vegetation
type (e.g., rangeland) can reach pest levels in another vegetation type (e.g., cropland), but
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evidence of threshold level defoliation injury should be determined first before selecting
a management plan. Table 1 contains a list of the most common grasshopper pests, their
potential rangeland and/or crop habitat and whether they are considered major pest, pest
or minor pest based on their feeding potential (Pfadt 1994a).
Although Pfadt (1994b) categorizes M. sanguinipes as a serious pest, there are
reports in recent years that its populations have actually been declining in Arizona, North
Dakota and South Dakota (Woller, Jech, Hirsch and Reuter personal communication).
The cause of the observed declines is unknown but believed to be the result of colder
springs that limit early-hatching grasshoppers, including M. sanguinipes. Although
outbreaks of the species are still recorded, current populations only account for 1-5% of
the total grasshopper populations. However, populations of M. femurrubrum have been
increasing, and it is now one of the most observed grasshopper species (Jech personal
communication). Other species that are noted as being major pest species include
P. nebrascensis, M. bivittatus and M. differentialis.
General Grasshopper Biology
Grasshoppers are a diverse group of phytophagous insects with gradual
metamorphosis (i.e., paurometabolous) life cycle that includes egg, nymph and adult life
stages. Every species of grasshopper will develop in that order, but the time of
development and the occurrence of each life stage within a season can vary greatly by
species (Capinera and Sechrist 1982). Different grasshopper species will also differ in
their ecological and physiological adaptations in order to develop, survive and reproduce
in their niche (USDA-APHIS 2002). Most grasshopper species are univoltine (i.e., one
generation per year); however, colder temperature to the north can cause grasshopper
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eggs to develop more slowly, or warmer temperatures to the south can allow for a second
generation for some species (USDA-APHIS 2002).
Typically, grasshoppers will overwinter in the egg stage beneath the soil surface
after oviposition occurs during the late summer or fall. The depth of oviposition, egg size
and orientation of egg-pods (i.e., egg cluster) vary between species. Most rangeland
grasshoppers will oviposit eggs approximately 5 cm below the soil surface (Onsager and
Mulkern 1963, Pfadt 2002, Branson and Vermeire 2013). Egg size is positively related to
the size of the nymphs and adults (Steinwascher 1984, Yuma 1984, Honek 1987, Rossiter
1991, Cherrill 2002). Embryogenesis occurs once the eggs are deposited in the soil and
typically these eggs will go into diapause once development is 80-90% complete and
remain in diapause until spring (Capinera and Sechrist 1982, Murray 2016). It is believed
that the combination of precipitation and soil temperature in the spring prompt the
completion of egg development and stimulate egg hatch, known as eclosion (Capinera
and Sechrist 1982). Hewitt (1979) estimated the eclosion date for M. sanguinipes eggs
using soil temperature accumulations. The study determined that M. sanguinipes eggs
require approximately 2,500 degree hours (number of degrees each hour that the soil
temperature is above the developmental threshold of 15.6 C) for eclosion to occur.
Mukerji and Gage (1978) used moisture and soil temperature to explain 99% of the
variation in eclosion for M. sangunipes. Guo et al. (2009) investigated the effects of
global warming on grasshopper eclosion and found that although precipitation and
temperature play a role in grasshopper eclosion date, increased precipitation can offset
and delay eclosion. These previous studies indicate that successful grasshopper egg
development is closely related to spring soil temperatures as well as precipitation.
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The grasshopper nymphal stage holds the most variation for size and coloration of
each species (Capinera and Sechrist 1982). The number of instars (i.e., nymph
developmental phases between molts) is generally between four to six but is dependent
on species and sex (Capinera and Sechrist 1982, USDA-APHIS 2002). Females
sometimes require an additional instar compared to their male counterparts (Capinera and
Sechrist 1982). How quickly nymphs develop is dependent on the species and
temperature as well as food quality and quantity (Capinera and Sechrist 1982). Although
later instars will develop wing pads, which can be used to determine the instar, truly
developed wings do not develop until after the final molt when a nymph becomes an
adult (Capinera and Sechrist 1982). Some species of grasshoppers have been found to
overwinter as nymphs, especially those present at higher elevations (Capinera and
Sechrist 1982).
Adult grasshoppers can vary greatly in size [e.g., Tetrigidae (pygmy grasshoppers,
less than 20 mm) and Acridadae: Romaleidae (lubber grasshoppers, greater than 43 mm)]
and coloration, depending on the species. Additionally, some species exhibit significant
sexual dimorphism while others may be similar in appearance (Capinera and Sechrist
1982). Adult lifespans vary by species, but some adults can be long-lived (Capinera and
Sechrist 1982). The male cerci can be used for identifying closely related grasshopper
species (Capinera and Sechrist 1982). Both biotic and abiotic factors can influence
grasshopper fecundity, which could possibly reflect resource quantity and quality (Joern
and Behmer 1997, Joern and Behmer 1998, Branson 2003a, Branson 2006 and Laws and
Joern 2011).
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Grasshopper males use noises and displays of wings to signal and attract females
for mating (USDA-APHIS 2002). Once females mate, they use their ovipositor to dig a
hole into the soil and deposit egg-pods (USDA-APHIS 2002). After the first deposit,
female grasshoppers will continue to mate and lay eggs until their death (USDA-APHIS
2002). Egg laying success can be limited by a late spring frost that can kill off earlyhatching grasshopper species, while an early frost in the fall can kill off or reduce egg
laying success of late-hatching grasshopper species (Capinera and Sechrist 1982). Many
grasshoppers lay their eggs in pods and can lay three pods per week or one to two pods
every two weeks, resulting in 15 to 400 eggs in their lifetimes (Pfadt 1994b, Murray
2016).
The volume of vegetation consumed by grasshoppers is dependent upon the type
of foliage and the air temperature (Otte and Joern 1977). Increased temperatures result in
increased metabolic activity, which results in higher food requirements (Barnes 1944,
Pfadt 1949). This can result in high levels of defoliation, which in turn can negatively
impact farmers and rangeland managers during drought conditions. Undisturbed areas
(e.g., roadside ditches, crop borders, abandoned fields, overgrazed pastures or
rangelands) can increase grasshopper populations and result in the migration of
grasshoppers into adjacent crops (Murray 2016). Defoliation is the major injury caused
by grasshoppers; however, they can also damage crops through direct feeding on kernels,
seeds and pods (Mitchell and Pfadt 1974, Torell et al. 1989, Murray 2016).
Grasshopper behavior depends on weather and temperature, which can vary
greatly on a day-to-day basis or seasonally (Capinera and Sechrist 1982). Although
grasshopper swarming behavior is not fully understood for all species, it is known to
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result in significant injury or damage to rangelands and crops since large populations of
grasshoppers gather and migrate in search of food (Capinera and Sechrist 1982). The
distance a swarm travels can also vary. For example, M. sanguinipes swarms were
recorded traveling approximately 106 kilometers each day until settling 321-483
kilometers away from their point of origin (Parker et al. 1995, Capinera and Sechrist
1982). Yearly, grasshopper populations can fluctuate from low population densities to
high and reach economically critical populations very quickly (Capinera and Sechrist
1982). For this reason, monitoring annual grasshopper populations is important to
determine where populations may be increasing and deploy management tactics when
necessary.
Grasshopper Sampling Procedures
Among the scientific community, there is currently no standard method for
determining grasshopper densities (Larson et al. 1999, Murray 2016). Considerations
must be given to various factors such as targeted sampling time, season, area, vegetation
(i.e., row crop field, rangeland or prairie) and budget. The time of day and season can
play an important role in sampling results (Murray 2016). In Arizona, surveys may begin
as early as February (Barnes 1944), but in northern states survey sampling generally does
not begin until May (Murray 2016). Temporal variation in grasshopper activity can make
collecting over a large area difficult. Whipple et al. (2010) sampled eighteen species of
grasshoppers and determined that the highest density in Nebraska occurs between 0600
and 0800 hours but consistent densities do not occur until 1200 to 1800 hours. Samples
were collected from 0600 to 1800 every two hours; however, in a later experiment, 0600
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was found to have the highest density of grasshoppers, when sampling every hour from
0600 to 1200.
Feeding sites among vegetation, timing of emergence, as well as surrounding
fauna can influence which grasshopper species are collected (Mulkern 1980).
Additionally, Branson (2016) determined that drought conditions and high population
densities could increase intraspecific and interspecific competition. Regardless, any given
area should contain multiple species, and sampling over a period of time may be
necessary for accurate estimation of species diversity.
Of the multiple tools available for sampling, sweep nets are most commonly used
due to their ease of use, relatively inexpensive price point and effective results in most
vegetation types (Onsager 1977, Gardiner and Chesmore 2005). However, disparity in
sweep net sampling can occur depending on arc of the sweep, steps between sweeps, net
diameter, and number of sweeps per sample. Because of this, sweep net protocols being
used to determine thresholds must be standardized to reduce sampling variation between
studies and samplers (Kemp et al. 1990, O’Neill et al. 1993, O'Neill et al. 2002). When
compared to quadrat sampling, ring estimations, night trapping, and visual estimations
sweep nets are more cost effective (Legg et al. 1996, Olfert and Weiss 2002) and provide
accurate estimates regarding grasshopper densities (Evans et al. 1983, Larson et al. 1999).
Since grasshopper movement differs based on age and species, a combination of high and
fast sweeps with low and slow sweeps will insure that adults, nymphs, and various
species are collected (Foster and Reuter 2000, Murray 2016).
Quadrat and transect methods are also common methods for sampling
grasshoppers that, when properly done, can provide accurate estimates when a single
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surveyor is used (Gardiner and Hill 2006). This method is not ideal when a large area
must be covered, locations are hundreds of miles apart, or different surveyors must be
used (Gardiner and Hill 2006, Murray 2016). The limitations associated with this method
are similar to those for ring estimations, night trapping (which could also be species
specific) and visual estimations (Legg et al. 1996, Olfert and Weiss 2002).
Abiotic Factors that Influence Grasshopper Populations
Grasshopper population densities can fluctuate greatly over the course of many
years, between concurrent years or even within a growing season due to both temperature
and precipitation (Dempster 1963, Capinera and Thompson 1987, Capinera and Horton
1989). These densities are driven by grasshopper survival, development, and fecundity
(from both current and previous years’ success) and are typically favored by warm and
dry conditions (Parker 1930, Dempster 1963, Capinera and Horton 1989). Drought is
distinguished by very warm temperatures and little to no precipitation, which historically
has resulted in large grasshopper outbreaks (Edwards 1960, Dempster 1963, Gage and
Mukerji 1977). Capinera and Horton (1989) found a positive relationship between
grasshopper populations and mean July-August temperatures over a three-year study for
Wyoming and Montana. However, they also determined that grasshopper populations are
negatively affected by hot, dry spring and summer conditions in Colorado and New
Mexico (Capinera and Horton 1989). Results suggested that moisture in the spring and
summer may be important for nymphs in terms of increased observations of nymph
populations. The study also stated that warm, dry Septembers favor oviposition activities,
which increases the likelihood for outbreaks occurring during the following year
(Capinera and Horton 1989).
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Yearly and periodic rainfall patterns and timing within a year influence
grasshopper density as well as species diversity (Jonas and Joern 2007, Powell et al.
2007, Branson 2014). High levels of spring precipitation typically result in lower
grasshopper populations (Powell et al. 2007). However, Branson (2008) determined that a
large and late summer rainfall could lead to significantly elevated grasshopper population
densities. This could be the result of increased food availability due to greater
precipitation. However, studies have shown that precipitation only explains 30% of the
variation in grasshopper densities (Joern 2000, Branson 2014). Weather conditions also
influence grasshopper metabolic processes, population dynamics and species interactions
(Yang and Joern 1994, Chase 1996, Joern 2000, Ritchie 2000, Ovadia and Schmitz 2004,
Jonas and Joern 2007, Branson 2014).
Fire and grazing both reduce the available vegetation as well as change the
vegetation composition. Grazing and fire intervals had little effect on grasshopper
fecundity, while habitat characteristics such as grasshopper density (i.e., resource
competition) and vegetation biomass and quality had a greater species-specific impact on
past and current fecundity (Laws and Joern 2011). However, grazed watersheds have
been found to have higher grasshopper populations than ungrazed watersheds (Joern
2004, Joern 2005). Although fire does not affect grasshopper fecundity, it negatively
affects populations by destroying grasshopper eggs that are located close to the soil
surface and at higher risk of heat exposure (Branson and Vermeire 2007, Branson and
Vermeire 2013). Fire can also directly reduce grasshopper populations by 36-53%,
although this was found to be species dependent (Branson and Vermeire 2016). The study
also included postfire grazing utilization, which appeared to be species dependent
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(Branson and Vermeire 2016). Throughout a season, and across years, these abiotic
factors can explain some of the observed variation in grasshopper populations.
Biotic Factors that Influence Grasshopper Populations
Although grasshoppers are often observed as being either a nuisance or pest, they
are also known for being important to the food web of various organisms, especially
small mammals (e.g., ground squirrels, shrews and mice) (McEwen et al. 1972,
Churchfield et al. 1991, Russell and Detling 2003), birds (e.g., seagulls) (McDaniel
1989), and other insects (Parker 1952, Parker and Wakeland 1957, McDaniel 1989,
Dysart 1996, Dysart 2000). Grasshoppers were found to make up a major percentage of
small mammal diets, and in some instances small mammals can reduce the likelihood of
grasshopper outbreaks (Agnew et al. 1987). Since small mammals reproduce quickly and
require large quantities of prey to fuel a rapid metabolism, they can be an excellent
resource for managing grasshopper populations (Churchfield et al. 1991). Vulpes velox
Say (swift foxes), are an endangered species that are historically native to central and
western South Dakota (Nevison 2018). Grasshoppers and other insects were found in the
scat of these small mammals and estimated to contribute between 27% (Uresk and Sharps
1986) to 34% (Cutter 1958) of their diet.
However, a study examining the relationship between grasshoppers and the towns
of Cynomys ludovicianus Ord (black-tailed prairie dog), found that grasshopper densities
were higher near prairie dog towns (Russell and Detling 2003). This was attributed to the
increased grazing near burrows, which may have provided more ovipositional sites with
exposed bare ground or preferred habitat for some species of grasshoppers. This was
supported by evidence of increased nymph collection near towns and increased
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oedipodine species (Acrididae: Oedipodinae) near towns versus away from towns.
Alternatively, gomphocerine species (Acrididae: Gomphocerinae) were found to prefer
habitats away from prairie dog towns, whereas melanopline species (Acrididae:
Melanoplinae) showed no preference (Russell and Detling 2003).
Birds can also play a role in managing grasshopper populations. Over 200 species
of birds (e.g., grassland bird species) feed on grasshoppers (McEwen et al. 2000) and can
serve as a management tool in controlling grasshopper populations. Belosky and Slade
(1993) compared the effects of birds and spiders on grasshopper populations; however,
spiders had a greater effect on managing grasshopper populations. Although this study
concluded that spiders had a greater effect on grasshopper populations, it still supported
birds as a major predator of grasshoppers.
There are numerous arthropods that feed on grasshoppers. For example, several
species of spiders (Araneae: Araneidae and Lycosidae), ants (Hymenoptera: Formicidae),
praying mantises (Mantodae: Mantidae) and robber flies (Diptera: Asilidae) are known
predators of grasshoppers, especially grasshopper nymphs (Chapman and Page 1979,
Hostetter 2000, Oedekoven and Joern 2000, Cannings 2007). Oedekoven and Joern
(2000) determined that 49% percent of grasshoppers were preyed upon by lycosid
spiders, but also predicted that survivors of predation had more food available and
benefited from an increased fitness.
In addition to insect predation on grasshopper nymphal and adult stages, some
target grasshopper eggs. These egg predators include blister beetle larvae (Coleoptera:
Meloidae), bee fly larvae (Diptera: Bombyliidae) and ground beetle adults and larvae
(Coleoptera: Carabidae) (Dysart 2000). Non-insect, grasshopper egg predators include
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deutonymph and adult grasshopper mites (Severin 1944, Husband and Wohltmann 2011).
Rees (1973) hypothesized that predators of grasshopper eggs had a greater impact on
reducing grasshopper populations than predators of nymph and adults. Parker (1952)
estimated and was later supported by Parker and Wakeland (1957) that approximately
20% of grasshopper eggs were preyed upon or destroyed by insect predators. This
estimate did not include eggs which were parasitized.
There are many species of flies and wasps that are grasshopper parasitoids and
can target all life stages of grasshoppers. The egg parasitoids are known to reduce
grasshopper populations through the reduction of viable eggs (Dysart 1996). Laws and
Joern (2012) determined that several species of flies from the families Anthomyiidae,
Sarcophagidae and Tachinidae are egg parasitoids of grasshoppers. Only one family of
wasps (Hymenoptera: Scelionidae) is considered a specialized, grasshopper egg
parasitoid (Dysart 2000). Parasites of grasshopper nymphs and adults include several
species from the families Anthomyiidae, Calliphoridae, Sarcophagidae, Tachinidae and
Nemestrinidae. In the same category, there are species of wasps from the family
Sphecidae, mites from the family Trombidiidae, nematodes from the family Merithidae
and round worms from the family Gordiacea (Hostetter 2000). The larva stage of
grasshopper mites parasitizes nymph and adult grasshoppers, while deutonymphs and
adults of the grasshopper mites feed on grasshopper eggs (Belovsky et al. 1996). Gordius
robustus Leidy (Horsehair worms) and Mermis nigrescens Dujardin (grasshopper
nematode) are two common internal parasites of grasshoppers (Cranshaw 2008). Both
‘worms’ are large in size (i.e., up to 40 mm in length) and complete their development
inside the grasshopper by feeding on blood and/or tissue. Their presence can reduce
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fecundity or sterilize females and eventually result in the grasshopper’s death (Cranshaw
2008).
Competition between herbivores can also be a limiting factor for grasshopper
populations, especially during drought conditions (Branson 2014). Grazing livestock and
grasshoppers vie for some of the same resources in a rangeland system, which can cause
a severe loss in rangeland tonnage when weather conditions are less than favorable.
Neither the simple presence of grazing livestock as a factor on its own nor the interaction
between grazing and grasshopper density had a significant effect on grasshopper survival.
Instead, the presence of grazing livestock caused shorter femur lengths and had negative,
indirect impacts on fecundity (Branson 2014).
Although competition from other organisms certainly limits the ability for
grasshopper densities to reach pest levels, interspecific competition causes a greater
impact on grasshopper body size and reproductive success (Branson 2014, Branson
2016). For example, high populations of M. sanguinipes and P. nebrascensis resulted in
shorter femur lengths and reduction in proportion of functional ovarioles (Branson 2014,
Branson 2016). Interspecific competition causes a significant limitation on the dominant
grasshopper species (Branson 2014).
Grasshopper Management
Grasshoppers have always been a major pest of crops and the most economically
important insect pest of rangelands in the United States (Parker 1939, Foster 2000).
Records of grasshoppers feeding on crops can be traced back as early as 1797 in the U.S
(Parker 1939). From 1874 to 1877 grasshoppers caused a natural calamity to the western
and central United States. Melanoplus spretus caused widespread damage in the western
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United States, leading to the creation of the U.S. Entomological Commission in 1877
(Parker 1939, Capinera and Sechrist 1982), which lead to the establishment of the United
States Department of Agriculture (USDA) (Parker 1939). Hewitt and Onsager (1982)
estimated conservatively that approximately $1.7 billion in rangeland forage loss occurs
annually in the western United States. In the 1930’s, a grasshopper outbreak covered 17
western states and was unable to be managed at a regional level, causing Congress to
charge the USDA with controlling grasshoppers on federal lands, which is now the
responsibility of the USDA's Animal and Plant Health Inspection Service (APHIS)
(Foster 2000).
Historically, grasshopper management occurred on approximately 160 million
hectares of rangeland in the western United States (i.e., Colorado, Idaho, Nevada, North
Dakota, Oregon, South Dakota, Texas, Utah and Wyoming). Chemical management first
became effective in 1885 with the use of bran and arsenic-based bait (Foster 2000). It was
not until the late 1940’s that aerially applied chemicals were being used instead of poison
baits (Foster 2000). Aerial applications are more cost effective and have a greater level of
population reduction, but they are more toxic to non-target arthropods and other
organisms (Foster 2000). A majority of studies and management programs have focused
on the use of insecticides for reducing grasshopper populations, but many of the products
tested are no longer registered for use in the United States (e.g., organochlorines
including DDT and dieldrin) (Loganathan and Kannan 1994). In the 1960’s, there were
increased efforts to evaluate chemicals that were marketed for grasshopper management
on non-target organisms (McEwen et al. 1972). However, three chemicals that are
routinely recommended for use in large-scale, grasshopper management programs in
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rangeland by USDA-APHIS [i.e., Diflubenzuron (Dimilin 2L), carbaryl (Sevin XLR) and
malathion (Fyfanon)] can still affect non-target organisms (Foster 2000, USDA-APHIS
2008, Woller and Jech personal communication). The threshold level for using
insecticides to reduce grasshopper populations is 8-10 individuals per square meter
(USDA 1987, Quinn et al. 1993). This level is debated as having little validation
(Onsager 1984, Torell et al. 1989) because generalized economic thresholds do not
consider the feeding rates (Putnam 1962, Hewitt 1978) or food preferences (Mulkern et
al. 1964) of different grasshopper species or the vegetation diversity of the affected
region (Capinera 1987, Quinn et al. 1993). The Rangeland Grasshopper Cooperative
Management Program and the Cropland Protection Program are both USDA programs
that were established for managing grasshoppers on or near rangelands, and the programs
also intervene on Conservation Reserve Program lands during grasshopper outbreaks
(Foster 2000).
After the grasshopper epidemic of the mid 1980's and the increase of
environmental risks associated with chemical use, the USDA-APHIS released an
environmental impact statement (EIS) declaring that integrated pest management (IPM)
would be the preferred management approach for cooperative programs to reduce
grasshopper populations on rangeland (Streett 2000a). Integrated pest management
incorporates biological, economic, ecological and sociological indicators for the
selection, integration and implementation of pest management tactics that place less
emphasis on chemical management (USDA 1994). This created a greater need for
biological control to manage grasshopper populations through parasites, predators, or
pathogens (DeBach 1964). Biological control can be achieved through one or more
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approaches (i.e., conservation, augmentation and/or classical biological control) (Streett
2000a). Conservation biological control requires the manipulation of the management
systems to increase the number of available native predators, parasitoids or parasites of
the pest. Augmentation biological control relies on releasing biological control agents
into an environment with the expectation that they will become established. Whereas
inundative biological control relies on the mass release of biological control agents for
fast reduction of a pest population. Classical biological control is accomplished through
the introduction of an exotic biological control agent to control an exotic pest (Streett
2000a).
In the early 1900’s, a parasitic wasp and fungus that are native to Australia were
introduced to control grasshopper populations in the western United States (Streett
2000a). Many concerns were raised about using exotic species, but no issues were
reported (Carruthers and Onsager 1993). In 1937 and 1938, praying mantises (i.e., Mantis
religiosa Linnaeus (European mantis)) from Europe were introduced into British
Columbia in an effort to control grasshopper populations (Cannings 2007). In the early
1960’s, the parasite Paranosema (previously Nosema) locustae was selected to suppress
grasshopper populations and is now the only registered microbial agent commercially
available for managing grasshopper populations (Henry 1978, Onsager 1988, Streett
2000b and Murray 2016). Despite its success, it is not free of failures especially when
low-quality material, equipment failure, poor formulation, inappropriate target species
and unreasonable expectations by users are concerned (Streett 2000b). In addition, the
same sampling method used to monitor the effectiveness of insecticides is not
appropriate, as applications of P. locustae take longer to disperse within grasshopper
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populations. Eventually P. locustae will reduce female fecundity and kill the host if they
are dispersed properly (Onsager 1988, Streett 2000b).
Fungal pathogens (i.e., zygomycetes and deuteromycetes) are naturally occurring
and very successful in controlling or decimating entire grasshopper populations;
however, like P. locustae, they are contact pathogens that slowly infect a population
(Streett 2000b). Paranosema locustae is parasitic on grasshoppers and may not always
kill the host, but does impact host vitality, thus causing lethargy and increasing
susceptibility to predation. Beauveria bassiana has been a successful microbial control
agent that originated in the Soviet Union and China (Goettel 1992). This control agent is
often contained in commercially registered products for rangeland grasshopper
management (Hostetter and Streett 2000). Entomophaga praxibuli is another fungal
pathogen, native to Australia and has been used in North Dakota for grasshopper
management (Bidochka et al. 1995, Hostetter and Streett 2000).
More recent studies on grasshopper management have largely transitioned to
evaluation of sustainable approaches. Their focus is on vegetation management (i.e.,
creating an abundance of vegetation means less economic impact), biological chemicals
(not in practice yet), and habitat manipulation (i.e., vegetation heterogeneity) (Brandson
2006). Cultural control methods for managing grasshopper populations in an agricultural
landscape include preventative methods such as early seeding of crops, crop rotation, trap
strips and tillage (Murray 2016). Tillage is thought to have caused the extinction of
M. spretus (Lockwood and DeBrey 1990) and exposes eggs to pathogens, predators and
weather conditions in addition to destroying or damaging many eggs (Murray 2016).
Habitat manipulation is not well understood or frequently considered; however,
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destruction of key egg-laying sites was one of the initial and most common forms of
grasshopper management (Pfadt and Hardy 1987, Belovsky et al. 2000). The addition of
vegetative cover (protecting birds and rodents from their predators) and the reduction of
less vegetative cover (increasing grasshopper vulnerability) are two location dependent
options, though one study supported the reduction of vegetative cover to increase
grasshopper mortality (Belovsky et al. 2000). Changing the species of vegetation,
increasing plant diversity and increasing vegetation thickness (creating a cooler thermal
cover which is not favorable to grasshoppers) can reduce grasshopper populations
(Belovsky et al. 2000). Furrowing, scalping and interseeding are methods which could
accomplish the task (Hewitt and Rees 1974). Regardless of their potential effectiveness,
these sustainable methods need further research in addition to better techniques for the
prediction of population outbreaks.
Nomenclature and Synonymy of Grasshopper Mites
Grasshopper mites (Arachnida: Trombidiidae) have a number of common names.
Some of the most common include the following: locust mite, grasshopper mite, red mite,
red mite of grasshopper, red mite of locust, locust tick, grasshopper tick, silky red mite of
grasshopper, silk red mite of locust, red bug of grasshopper, red bug of locust, red spider
of grasshopper, red spider of locust, chigger of grasshopper, chigger of locust, louse of
grasshopper and louse of locust (Severin 1944). However, there is much debate regarding
the classification of what is believed to be one or two species (Severin 1944, Husband
and Wohltmann 2011). In Table 2, from 1804 until 1993 the official species name for the
grasshopper mite changed 12 times with some uncertainty regarding if Eutrombidium
locustarum Walsh and Eutrombidium trigonum Hermann are a single species or two
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different species (Ewing and Hartzell 1918). According to Oudemans (1912), E. trigonum
was the official species and Trombidium sericeum Say, Astoma locustarum Walsh,
Astoma gryllaria LeBaron, Trombidium locustarum Riley, Ottonia locustarum Riley,
Microtrombidium locustarum Walsh and E. locustarum were to be regarded as synonyms
(Ewing and Hartzell 1918, Severin 1944).
A more recent study in 2011, determined that after rearing several mite larvae to
adults, Eutrombidium occidentale Southcott, Eutrombidium centrale Southcott,
E. trigonum and Eutrombidium walshi Southcott are synonyms of E. locustarum
(Husband and Wohltmann 2011). The authors attributed the different species names for
E. locustarum and E. trigonum to differences in geographical distribution and attachment
site preference (i.e., E. trigonum attaches on the thorax, while E. locustarum attaches on
hindwings). In addition, the authors cited the fact that E. trigonum larvae develop into
adults without intermittent diapause (Wohltmann et al. 1996, Husband and Wohltmann
2011). When both species of larvae are reared in identical situations, E. locustarum
indicates a diapause of an earlier ontogenetic phase (Husband and Wohltmann 2011). The
authors also determined that Eutrombidium lebaroni Southcott and Eutrombidium rileyi
Southcott are separate species, but more research is needed to further evaluate this.
However, there are seven known Eutrombidium species in North America (i.e.,
E. cortices Ewing, E. magnum Ewing, E. lebaroni Southcott, E. locustarum Walsh,
E. orientale Southcott, E. rileyi Southcott, and E. trombidioides Banks) and current
species identification is impossible (Ashley Dowling personal communications). Most
species are described from the post-larval stages based upon the structure of the dorsal
plate, and larvae identification would require rearing mites into deutonymphs or adults.
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Thus, research that refers to E. locustarum likely refers to multiple species and should
instead be referred to as the species complex Eutrombidium spp.
Distribution of Grasshopper Mites in South Dakota
Grasshopper mites are distributed throughout South Dakota. Previously, Severin
(1944) recorded grasshopper mites in the Black Hills, Sand Hills, Badlands, as well as
areas both east and west of the Missouri River in South Dakota. Soil quality or moisture
does not influence mite distribution, as mites have been found in wet or dry locations as
long as grasshoppers and especially grasshopper eggs are present (Howard 1918). Severin
(1944) reported that excess soil moisture (e.g., flooding) or the absence of it (e.g.,
drought) can decrease grasshopper mite populations since a majority of their lifespan is
spent within the soil. Mites can regularly be found parasitizing grasshoppers throughout
South Dakota each year, especially when favorable weather conditions are present.
Belovsky and Slade (1994) determined that grasshopper mite parasitism rates
increased as the rate of water passing through the soil increased and that mite abundance
could be limited by soil drainage. They speculated that all stages of grasshopper mites,
with the exception of the larvae, can have their population totals reduced by poorly
drained soil. This is likely due to the fact that the larvae do not live within the soil.
Grasshopper Mites Life Cycle
Grasshopper mites are categorized by a complex life cycle with heteromorphic
parasitic larvae and predatory deutonymphs and adults (Wohltmann et al. 1996). The
grasshopper mite life cycle can include up to six stages: egg, larvae, protonymph
(prenymphal pupa), deutonymph (nymph), tritonymph (preimagial pupa), and adult
(Severin 1944, Husband and Wohltmann 2011). A pre-larval stage may also be

26
mentioned as an additional life stage (Zhang 1999). The pre-larvae, protonymphs, and
tritonymphs are considered calyptostatic (i.e., neither mouthparts nor legs are functional),
while the larvae are ectoparasites of grasshoppers, and both deutonymphs and adults are
predators of grasshopper eggs (Zhang 1999).
Adults and deutonymphs appear in the early spring when they search for
grasshopper egg-pods to infest. In addition, individuals at these life stages will feed on
individual eggs until they become sexually mature (Hostetter 2000, Severin 1944). Either
a single mite or multiple mites can be found within an egg-pod (Howard 1918). If there
are multiple mites, only one is female, and the rest are males (Severin 1944).
Severin (1944) described adult, male mites as being scarlet in color, with a
triangular body shape and that is covered in plumose hairs (less hair on the posterior
dorsal plate and legs). The adult males range from 1.2-2.7 mm long and 1-1.5 mm wide,
reaching up to 3 mm long when engorged. A pair of eyes are located near each lateral
edge of the cephalothorax. Compared to the females, males have longer legs and the
posterior region of their abdomens are narrower (Howard 1918). Adult females are also
scarlet in color and range from 2.2-3.5 mm long and 1.3-2 mm wide. When fully
engorged, females were recorded up to 5 mm long and 2.7 mm wide (Severin 1944).
Grasshopper mites mate inside the egg-pods, and afterwards the females leave in
search of a suitable place within the soil to lay their eggs. Eggs are laid in cells with
approximately 300-600 eggs in each cell (Hostetter 2000). Severin (1944) estimated that
a single female mite can lay up to 4,700 eggs during her lifetime. He also recorded that
eggs are spherical, yellow to orange in color, and range in size from 0.12-0.15 mm. Egg
deposition has been observed to range from 1.2-10.2 cm below the soil surface, near
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grasshopper egg-pods. Grasshopper mite eggs hatch 15 to 30 days later, and the larvae
(i.e., six-legged form) emerge from the soil once temperatures reach 18.3 to 23.9 C
(Severin 1944, Hostetter 2000).
Severin (1944) noted that newly hatched larvae range in color from yellow to
orange or scarlet with eyes on each side of their body. Larvae bodies are irregularly
shaped and range from 0.17-0.22 mm long and 0.11-0.13 wide. Newly hatched larvae
have a strong gregarious instinct and can quickly attach themselves to any grasshoppers
which pass nearby them. Grasshopper mite larvae can remain alive without a host for
approximately 28 days under normal conditions, or one to five days under warm and dry
conditions and up to two months in cool conditions.
Grasshopper mite larvae will search over vegetation and soil until a host is found
(Severin 1944). Either an adult or nymph grasshopper can serve as a host until the larvae
become engorged (Hostetter 2000). Every species of grasshopper can be a suitable host
for mite larvae; however, species whose tegmina and wings are abbreviated are less
frequently infested (Severin 1944). Generally, grasshopper mite larvae can be found
attached to the wing veins, thorax or appendages of grasshoppers from late June to midJuly and even into early October (Howard 1918). In South Dakota, grasshopper mite
larvae are typically observed from mid-July to late September (Severin 1944).
Severin (1944) recorded that larvae have a cylindrical oral feeding tube that is
made up of a pair of chelicerae that are used to feed primarily on grasshopper blood. The
larvae of grasshopper mites remain on a host and feed until becoming fully engorged;
however, grasshopper mites can be disturbed by molting, death of the grasshopper or
under rare instances scraped off. Under normal conditions, grasshopper mite larvae feed
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for eight to 14 days. If the larvae are disturbed, they may die while still attached to the
exoskeleton (i.e., the grasshopper molts or the host is killed), or they may burrow into the
soil to successfully progress into the subsequent life stages if enough feeding occurred
while on the host (i.e., have fed for three days or are one third or more engorged). Severin
(1944) determined that larvae which have already attached themselves to a grasshopper
will not transfer themselves to another grasshopper.
Severin (1944) documented that a fully engorged mite larvae is scarlet in color
and ranges from 1.8-2.2 mm long and 0.9-1.2 mm wide. Once the grasshopper mite
larvae drop from the grasshopper host, they burrow approximately 2.54-10.16 cm into the
soil (Howard 1918, Severin 1944). Once in the soil, pupation will occur, and the mites
will transition to the protonymph or a prenymphal pupa (Severin 1944, Husband and
Wohltmann 2011). According to Severin (1944), the pupation process takes
approximately three days, and the grasshopper mite will remain in the protonymph stage
for seven to 18 days depending on soil temperature. Subsequently, protonymphs of fully
engorged larvae are larger in size (e.g., approximately 2 mm in length) than those that
had been disturbed.
Following pupation, the deutonymph will emerge (i.e., eight-legged form) that
closely resembles an adult mite (Severin 1944, Hostetter 2000). Severin (1944)
documented that deutonymphs have abdomens that are pointed posteriorly and are about
1.3 mm long and 0.8 mm wide, but newly emerging nymphs’ size will depend greatly on
how long the larvae fed on their host. Both deutonymphs and adult mites are considered
predators and feed on grasshopper eggs within the soil; however, Severin did find that
grasshopper mites may also eat other mite eggs and earthworms. The deutonymph stage

29
typically lasts for 27 days but could take anywhere from 13 to 50 days in the laboratory.
Once a deutonymph has become engorged, it may wander the soil surface until burrowing
2.5-11.5 cm into the soil to pupate. Pupation will then take one to five days and the mite
is then referred to as a tritonymph for nine to 18 days unless colder temperatures delay
the process.
Severin (1944) recorded that adult grasshopper mites first emerge from the
tritonymph stage during late summer or early fall. The adults will not breed that year but
instead overwinter and then breed during the following spring. Mites that reach the adult
stage in early to mid-summer may produce an entire or partial second generation whose
offspring that reach either deutonymph or adult stage will overwinter before reproducing
the following year. In South Dakota, only one generation is supported by typical weather
conditions, although a partial second generation is possible. Favorable weather conditions
could allow for grasshopper mites to complete an entire generation in 61 days.
Grasshopper Mite Larvae Effects on Grasshoppers
Severin (1944) determined that grasshopper mite larvae will not prevent a
grasshopper nymph from developing into an adult but may weaken the grasshopper.
Wing pads are not damaged by mites, even during a heavy infestation, as the grasshopper
nymph is still able to complete the molting process. Adult grasshoppers may be unable to
completely fold their wings during a severe infestation. This can disrupt or even prevent
flight if wings become damaged as the grasshopper moves throughout its habitat. A
grasshopper that is heavily infested may not live as long, not because of the mites, but
because it may have difficulty escaping predators. Severe, prolonged infestations of
female grasshoppers can reduce fecundity and disrupt oviposition.
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Grasshopper Mites and Integrated Pest Management
Naturally occurring parasitoids and parasites may be an alternative method for
management of grasshopper populations (Hostetter 1996). However, the impacts that
parasites have on grasshopper populations are relatively under-explored. This type of
biological control is one component of integrated pest management, and there are a
number of economically important grasshopper pest species that are parasitized by
grasshopper mite larvae (Welbourn 1983, Gerson and Smiley 1990, Wohltmann et al.
1996). The most observed grasshopper mites which are attached to grasshoppers are
Eutrombidium spp. larvae (Huggans and Blickenstaff 1996, Southcott 1993). For this
reason, grasshopper mites are considered as a potential instrument for biological control
(Welbourn 1983, Wohltmann et al. 1996). Little is known about the impacts ectoparasitic
larval mites have on grasshopper life span, but it is likely that the harmful effects are
minimal with no known vectored diseases (Severin 1944, Campbell 1964, Rees 1973,
Belovsky et al. 1996).
Belovsky (1996) recorded only two species of mite parasitoids of adult
grasshoppers that are known to decrease female fecundity, E. locustorum which attaches
on the wings and an unnamed species that attaches on the appendages. This indicates that
grasshopper mites may be valuable as possible regulators for grasshopper populations
(Hostetter 1996). However, egg predation occurs in the soil making it difficult to survey,
but the parasitism caused by the larvae can be easily studied in the field (Belovsky et al.
1996).
Although laboratory studies found that larvae do not significantly decrease
grasshopper survival and reproduction (Huggan and Blickenstaff 1966), several field
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studies have found grasshopper survival and reproduction were reduced, especially
during severe infestations (Anderson 2013, Belovsky et al. 1996, Branson 2003b, and
McReynolds 2014). Eutrombidium spp. can be easily seen attached to both hind and
forewings of both nymph and adult grasshoppers making it possible to survey
grasshoppers and determine the frequency of grasshopper mites in South Dakota (Severin
1944, Belovsky et al. 1996).
The quantitative effect that mites have on grasshopper populations might be
debatable as multiple studies support or question if mites are a viable integrated pest
management option; however, there is evidence proving that there are long-term effects
of infestations on grasshopper populations. In 1963, Lavigne and Pfadt (1966) collected
35 species of grasshoppers and found that many were infested with mites from the genus
Gonothrombium. Of the 35 species, 21 were parasitized by the grasshopper mites. The
study also found that the majority of grasshoppers that were infested with mites were
adult grasshoppers and only 8 of the 454 grasshopper nymphs were infested with mites.
Infestation rates varied from one to 41 mites per grasshopper with two being the average.
Detrimental effects were not investigated, but Lavigne and Pfadt (1966) claimed that
mites had little effect on grasshoppers. However, Howard (1918) believed that
Eutrombidium spp. had significant effects even if larvae only weakened grasshopper
nymphs and adults, as both the mite deutonymphs and adults feed on a number of
grasshopper eggs, serving as grasshopper “natural checks.” Hosts of Eutrombidium spp.
might survive parasitism and reproduce (Severin 1944, Huggans and Blickenstaff 1966);
however, effects on host longevity or reproduction rates can still be significant for
managing grasshopper populations (Husband and Wohltmann 2011). Severin (1944)
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noted that grasshoppers which were infested with grasshopper mites typically had mites
of different ages and sizes, ranging from newly hatched to fully engorged.
Branson (2003b) selected two grasshopper species [i.e., Ageneotettix deorum
Scudder (whitewhiskered grasshopper) and M. sanguinipes] for a cage study to determine
the effect of E. locustarum on survival and reproductive success. There was an average of
three mites per grasshopper for those infested. Females in both species were found to
have reduced initial and total reproduction, with an estimated decline in egg production
of 39-44%. Future reproduction following mite infestation was lower in M. sanguinipes,
but not affected for A. deorum. Initial survival had no significant effect on
M. sanguinipes, but there was an effect on A. deorum. Overall survival was not affected
for either species, but they were also not exposed to predators during the experiment.
Huggans and Blickenstaff (1966) found contradicting evidence, but the
grasshoppers used in their study were provided with high quality food and had optimal
laboratory conditions. In realistic conditions which are best utilized in a field study,
survival and reproduction can be affected by grasshopper mites, even dramatically
(Belovsky et al. 1996). Belovsky and Slade (1994) confirmed this by a cage study in
western Montana and found that grasshopper nymph and adult survival were reduced by
an average of 29%, female reproductive output was reduced by an average of 47% and
overall population through egg production was reduced by 62%. This is more significant
than Branson’s (2003b) study but still supports that mite larvae can have a significant
effect on grasshopper survival and reproduction in the field. When higher grasshopper
densities are factored in, egg production is reduced from 45% in cages stocked with four
adult grasshoppers to 69% in cages stocked with ten adult grasshoppers (Belovsky and
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Slade 1994). This again, does not include the impact that mite larvae could have on
increased predation rates of grasshoppers since the study used a cage design.
Studies that support mites as an agent for integrated pest management do find that
grasshopper survival and reproduction depend on the mite, host size and the total number
of mites present (Zhang 1999). The quantitative effect mites have through egg predation
is not fully understood, but based on both deutonymph and adult consumption needs, it
could very well be substantial (Severin 1944, Rees 1973, Belovsky et al. 1996).
Regardless, predation and ectoparasitism quantitative effects are not important if mite
populations are low in comparison to grasshopper populations (Belovsky et al. 1996).
Rearing mites in large numbers at a laboratory to release them into an environment may
be an option, but this is difficult because of the mite life cycle and diverse need for
survival and reproduction (Belovsky et al. 1996).
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Table 1. Common Grasshopper Pest Species in South Dakota Based on Habitat
Common Name

Species Name

Rangeland

Crop

Both

Bigheaded Grasshopper
Aulocara elliotti
Majora
Bluelegged Grasshopper
Metator pardalinus
Minorb
Brownspotted Grasshopper
Psoloessa delicatula
Pestc
Bruner Grasshopper
Bruneria brunnea
Minor
Bruner Spurthroated Grasshopper
Melanoplus bruneri
Pest
Carolina Grasshopper
Dissosteira carolina
Minor
Clearwinged Grasshopper
Camnula pellucida
Major
Crenulatewinged Grasshopper
Cordillacris crenulata
Pest
Clubhorned Grasshopper
Aeropedellus clavatus
Pest
Dawson Grasshopper
Melanoplus dawsoni
Pest
Differential Grasshopper
Melanoplus differentialis
Major
Dusky Grasshopper
Encoptolophus costalis
Minor
Ebony Grasshopper
Boopedon nubilum
Pest
Flabellate Grasshopper
Melanoplus occidentalis
Pest
Fourspotted Grasshopper
Phlibostroma quadrimaculatum
Pest
Keeler Grasshopper
Melanoplus keeleri
Minor
Kiowa Grasshopper
Trachyrhachys kiowa
Pest
Largeheaded Grasshopper
Phoetaliotes nebrascensis
Major
Little Spurthroated Grasshopper
Melanoplus infantilis
Pest
Meadow Grasshopper
Chorthippus curtippennis
Pest
Migratory Grasshopper
Melanoplus sanguinipes
Major
Obscure Grasshopper
Opeia obscura
Minor
Redlegged Grasshopper
Melanoplus femurrubrum
Major
Redshanked Grasshopper
Xanthippus corallipes
Minor
Redwinged Grasshopper
Arphia pseudonietana
Minor
Sagebrush Grasshopper
Melanoplus bowditchi
Minor
Spottedwinged Grasshopper
Cordillacris occipitalis
Pest
Striped Grasshopper
Amphiornus coloradus
Pest
Twostripped Grasshopper
Melanoplus bivittatus
Major
Twostriped Slantfaced
Mermiria bivittata
Minor
Grasshopper
Velvetstriped Grasshopper
Eritettix simplex
Minor
Whitecrossed Grasshopper
Aulocara femoratum
Pest
Whitewhiskered Grasshopper
Ageneotettix deorum
Major
a
Major: A pest species that causes significant injury/damage, frequently and tends to be the dominant
species during an outbreak
b
Minor: A pest species that either adds to the injury/damage caused by dominant species or causes no
serious losses when in low numbers
c
Pest: A pest species that causes medium to significant injury/damage, infrequently
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Table 2. Changes in Grasshopper Mite Classification from 1804-1993
Year

Species Name

Described By Moved By

Reference

1804

Trombidium trigonum

Hermann

Hermann 1804

1821

Trombidium scabrum

Say

Say 1821

1821

Trombidium sericeum

Say

Say 1821

1860

Astoma locustarum

Walsh

Walsh 1860

1872

Atoma gryllaria

LeBaron

LeBaron 1872

1877

Trombidium locustarum

Riley

Packard et al.
1878
1894

Ottonia locustarum

Riley

Banks

Banks 1894

Hermann

Verdun

Verdun 1909

Walsh

Ewing

Ewing 1909

Berlese

Berlese 1912

Trombidium
1909
(Eutrombidium) trigonum
Microtrombidium
1909
locustarum
1910

Eutrombidium locustarum Walsh

1992

Eutrombidium rileyi

Southcott

Southcott 1992

1993

Eutrombidium orientale

Southcott

Southcott 1993
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CHAPTER 2

GRASSHOPPER ABUNDANCE AND SPECIES DIVERSITY IN SOUTH
DAKOTA

ERICA ANDERSON, ADAM VARENHORST,
PHIL ROZEBOOM AND BILLY FULLER

Agronomy, Horticulture and Plant Science Department, South Dakota State University

Abstract
In South Dakota, grasshoppers (Orthoptera: Acrididae) are generally sporadic
pests that are commonly observed during the summer in non-cultivated areas or along
field edges. However, during population outbreaks they can cause significant economic
injury to crops and rangelands. Therefore, it is important to monitor their populations
throughout the summer. In addition, it is important to know which species are present as
not all grasshoppers have the same potential to cause injury. The USDA-APHIS conducts
annual grasshopper surveys in western South Dakota rangelands, but the last published
survey that included eastern South Dakota was in 1925. The goal of this project was to
monitor grasshopper abundance and determine species diversity in South Dakota. To
obtain these data, we sampled grasshoppers in 2017 and 2018 using sweep nets with 40
pendulum sweeps. For western South Dakota, 193 samples were collected in 2017 and 86
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in 2018 from rangeland by USDA-APHIS. For eastern South Dakota, 400 sites were
selected at random with two samples collected simultaneously from ditches alongside
crops and rangeland. A total of 800 samples were collected each year. Results indicate
that the most abundant grasshopper species were Melanoplus femurrubrum, a crop pest,
and Phoetaliotes nebrascensis, a rangeland pest. Surveys revealed that the majority of
grasshopper populations sampled throughout South Dakota did not exceed the
recommended thresholds for rangelands or crops; however, there were localized “hot
spots” that greatly exceeded the thresholds. Our study suggests that annual grasshopper
surveys are necessary to detect and forecast potential outbreaks.
Keywords: Melanoplus femurrubrum, Phoetaliotes nebrascensis, outbreaks, crops,
rangeland

Introduction
In South Dakota, grasshoppers (Orthoptera: Acrididae) are a commonly observed insect
during the summer. These insects have the potential to reach populations that can cause
economic injury to crops and rangelands. Hewitt and Onsager (1982) estimated that
grasshoppers were responsible for the consumption of approximately 21-23% of
rangeland in the western United States and conservatively estimated that approximately
$393 million in rangeland forage is lost each year to grasshoppers. In 2017, that would
amount to $981 million based on inflation rates. In 2017, it was estimated that there was
approximately 10 million hectares that were classified as rangeland in South Dakota
(Davis and Smart 2017). Even with decades of research on grasshoppers, the information
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that is necessary to accurately predict outbreaks is still being studied (Joern and Gaines
1990, Lockwood 1997, Joern 2000, Branson et al. 2006).
Population densities that are at outbreak levels are only sporadically reached and
often are more of a problem in non-cultivated areas, especially undisturbed areas adjacent
to row crops. For this reason, it is important to monitor grasshopper populations
throughout the summer through scouting to prevent yield or tonnage loss. Because not all
grasshopper species have the same potential to cause economic injury, it is necessary to
know which species are present throughout the season as well as their abundance.
According to Arnett (2000), there are 620 species of grasshoppers in the United States
with 400 of those species found in 17 states in the western United States. (Pfadt 1984,
USDA-APHIS 2002). Of the 400 species, approximately 20 are considered common or
serious pests because they are capable of causing economic injury to rangelands and
crops (USDA-APHIS 2002). In a given area, as many as 45 different grasshopper species
may be observed. Out of these, it is likely that more than one species is capable of
causing economic damage alone and the impact on rangeland may be worse when
multiple pest species are present simultaneously (USDA-APHIS 2002).
The last extensive survey of grasshopper populations including species in South
Dakota was published in 1925 (Hebard 1925). Hebard observed a total of 103 species and
races of grasshoppers in South Dakota. Historically in South Dakota, Melanoplus spretus
Walsh (Rocky Mountain locust) was a common pest before becoming extinct (Parker
1939). In 1937, the dominant species were Melanoplus sangunipes Fabricius (migratory
grasshopper) and Melanoplus femurrubrum DeGeer (redlegged grasshopper); however,
Melanoplos bivittatus Say (twostriped grasshopper) and Melanoplus differentialis
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Thomas (differential grasshopper) were also common in localized areas (McDaniel
1989). By 1943, the dominant species were M. differentialis, M. bivittatus,
M. sangunipes, Melanoplus confuses Scudder (pasture grasshopper), and Melanoplus
packardii Scudder (packard grasshopper) (McDaniel 1989). This change in dominant
species is likely the result of increased cropland in South Dakota.
The USDA-APHIS conducts an annual survey of grasshopper abundance in
western South Dakota. This survey is not species specific, although some samples are
collected to examine species composition. These public records include population
density for multiple sites in each county and are used to forecast future outbreaks with
other western states. Although grasshopper populations in eastern South Dakota are not
normally surveyed, insecticides are often applied to reduce their populations during
outbreak years when serious defoliation is occurring to crops and pastures (Varenhorst
and Chirumamilla 2015). The threshold level for using insecticides to reduce grasshopper
populations is 8-10 adult individuals per square meter (USDA 1987, Quinn et al. 1993).
This level is debated as having little validation (Onsager 1984, Torell et al. 1989) because
generalized economic thresholds do not consider the feeding rates (Putnam 1962, Hewitt
1978) or food preferences of different grasshopper species (Mulkern et al. 1964), or the
vegetation diversity of the affected region (Capinera 1987, Quinn et al. 1993). A species
that is typically a pest of one vegetation type (i.e., rangeland) can reach pest levels in
another vegetation type (i.e., cropland), but evidence of threshold level and defoliation
injury should be determined first before selecting a management plan.
Although Pfadt (1994b) categorizes M. sanguinipes as a serious pest, there are
reports that its populations have actually been declining in Arizona, North Dakota and
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South Dakota (Woller, Jech, Hirsch and Reuter personal communication). The cause of
the observed declines is unknown but hypothesized to be the result of colder springs that
limit early hatching grasshoppers egg laying success, including M. sanguinipes. Although
outbreaks of the species are still recorded, current populations only account for 1-5% of
the total grasshopper populations. However, populations of M. femurrubrum have been
increasing and it is now one of the most observed grasshopper species (Jech personal
communication). Other species that are noted as being major pests include Phoetaliotes
nebrascensis Thomas (largeheaded grasshopper), M. bivittatus, and M. differentialis.
Without acknowledging the current, grasshopper species that are present, it is
possible that community changes have occurred, or insecticide management may be
occurring to reduce large populations of a benign species (Pfadt 1994a). In order to
effectively manage grasshopper populations in both rangeland and crops, both
grasshopper abundance and species composition are necessary (Whipple et al 2010). The
objective of this study was to identify the species of grasshoppers present and measure
their abundance in South Dakota.

Materials and Methods
Field Sites
Sampling for this project was conducted in eastern and western South Dakota.
The two regions were analyzed individually due to the differences in sample numbers,
habitat types and samplers. Sample sites in eastern South Dakota were located in road
ditches that were adjacent to either field crops or rangeland habitats to avoid trespassing.
The sample sites in western South Dakota were conducted by USDA-APHIS field
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technicians in rangeland exclusively. Both regions were sampled in 2017 and 2018.
Sampling began during late July until early September when grasshoppers were at peak
populations and locations were sampled only once per season.
In western South Dakota, grasshoppers were collected from 22 counties by
USDA-APHIS field technicians that were led by Amy Mesman. USDA-APHIS
implements a grid system to conduct their surveys in rangeland habitat. Out of their
numerous samples, 193 were donated in 2017 and 86 in 2018. The limited number of
samples is attributed to the fact that the field technicians are not required to collect
samples for the annual USDA-APHIS survey, but instead are trained to record adult,
grasshopper abundance in the field. Technicians had to store donated samples in their
personal freezers until samples could be transferred to South Dakota State University
(SDSU).
In eastern South Dakota, grasshoppers were collected from 44 counties. A total of
800 samples were collected each year from a total of 400 sampling sites. Two samples
(i.e., subsampling) were collected simultaneously from nine sites in 40 counties and 10
sites in four counties (i.e., larger counties had an extra sampling site). During each year,
each individual sampling site was only sampled once. Each sampling site was randomly
selected using a grid system based on traversable roadways. In 2017, adjacent habitat
type was generalized as crop and adjacent pasture and other grasslands was generalized
as rangeland. In 2018, crop type was broken down to include major crops of corn,
soybean, wheat, alfalfa and sunflower.
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Collection and Identification
For both study locations, sampling was conducted using a 38 cm diameter sweep
net. Each sample consisted of 40 pendulum sweeps. A pendulum sweep is defined as the
180-degree motion of the sweep net with a return to the starting position. Collectors
walked in a straight line at a medium pace and swung the sweep nets in a pendulum
motion from high to low in the plant canopy. This method ensured that both slow- and
fast-moving grasshopper species would be equally sampled. Data for each location
included county, latitude and longitude, collection date and habitat type.
For the eastern South Dakota sample sites, collected samples were placed into
gallon sized plastic bags that were labeled with the location data. For the western South
Dakota sample sites, collected samples were placed into paper bags, stapled and labeled
with the location data. Some samples had to be double bagged as grasshoppers chewed
through the paper bags before they could be frozen.
Following collection, samples were placed into a freezer until adults and nymphs
could be counted and identified to the lowest possible taxonomic unit (i.e., species).
Grasshopper species were identified using Pfadt (1994a) and confirmed with specimens
from the Severin-McDaniel Insect Research Collection, housed at SDSU. A voucher
collection of grasshopper species was constructed for this study for both the SeverinMcDaniel Insect Research Collection and SDSU Extension Entomology (i.e., laboratory
use and field research days).
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Statistical Analysis
Abundance maps were generated using ArcGIS Desktop version 10.6.8321 (ESRI
2018) for both western and eastern South Dakota to determine the density of grasshopper
populations at each sample site. Sample sites were then broken down into locations that
were below threshold (0-3 grasshoppers per square meter), approaching threshold (4-7
grasshoppers per square meter), and above threshold (8 or more grasshoppers per square
meter) to determine outbreak locations.
Data were then analyzed using EstimateS version 9.1.0 (Colwell 2013) to
determine species richness, estimate the sampling effort needed to capture all species
estimated to be found in a community and compare species richness among different
communities sampled using the same protocols (Colwell et al 2012). Interpolation was
used to generate species accumulation curves that show how quickly species richness
increases per individual and per sample up to the total number of individuals and samples
that were empirically collected. Interpolation uses the rarefaction technique to estimate
the expected species richness using a random subsampling from the data set (Gotelli
2008). Extrapolation was also used to estimate the asymptotic species richness from the
empirically collected data. Species accumulation curve graphs were generated for both
2017 and 2018 for both western and eastern South Dakota. Two types of graphs were
generated, one that compares individuals to species and a second that compares samples
to species. Samples is the number of counties that were sampled for eastern and western
South Dakota. Sobs is the number of species that were observed during that year, while
Sest is the estimated sampling effort that sampling could be increased to and is based on
the logarithmic curve’s point of stabilizing.
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Data for this study were analyzed using Program R version 3.5.3 (R Core Team
2018). All statistical comparison tests used to interpret results of data utilized α < 0.05.
To determine habitat significance for eastern South Dakota for total, nymph and adult
grasshoppers sampled, data were analyzed using a t-test and an analysis of variance.
Analysis of variance was followed by Tukey’s Honest Significance Difference test to
determine which means were significantly different from one another. Species diversity
for western and eastern South Dakota were calculated using Simpson’s Diversity Index
for 2017 and 2018. Finally, correlation between average, monthly temperatures and
precipitation were analyzed for total, nymph, and adult grasshoppers using Package
Visualization of a Correlation Matrix version 0.84 (e.g., Corrplot).

Results
Collection Summary: Western South Dakota
Abundance data for 2017 and 2018 were donated by USDA-APHIS and included
data for only adult grasshoppers, converted to threshold levels of four-pendulum sweeps
per square yard (Figs. 1 and 2). The majority of locations were below threshold with 19
and 22 locations above threshold for 2017 and 2018. Species data was made up of 3,397
and 1,009 individual grasshoppers for 2017 and 2018. There were 36 species identified in
2017 and 24 species identified in 2018. On average there were 3.1 and 3.0 species found
at each location with nine in 2017 and eleven in 2018 as the most species at any one site.
Tables 1 and 2 include the abundance of total, nymph and adult grasshoppers with
population percentages for each grasshopper species. The most abundant species for both
years were P. nebrascensis, Opeia obscura Thomas (obscure grasshopper),
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M. femurrubrum, Orphulella speciosa Scudder (slantfaced pasture grasshopper) and
Eritettix simplex Scudder (velvetstriped grasshopper).
Collection Summary: Eastern South Dakota
Samples for 2017 and 2018 were averaged for each location and then converted to
threshold levels of four-pendulum sweeps per square yard. Maps include both nymph and
adult grasshoppers (Figs. 3 and 4). The majority of locations were below threshold with
14 and 15 locations above threshold for 2017 and 2018. Locations that were above
threshold in 2017 were observed to be greatly above threshold, while samples above
threshold in 2018 were only observed to be slightly above threshold. In 2017, there were
15,211 individual grasshoppers collected, while in 2018 there were 16,432 individual
grasshoppers collected. There were 31 species identified in 2017 and 30 species
identified in 2018. On average there were 3.8 and 4.0 species found at each location with
nine and ten as the most species recorded per location for 2017 and 2018. Tables 3 and 4
include the abundance of nymph and adult grasshoppers with population percentages for
each grasshopper species. The most abundant species were the M. differentialis,
P. nebrascensis, Chorthippus curtipennis Harris (meadow grasshopper), M. femurrubrum
and M. bivittatus for both years.
Species Accumulation Curves
For western South Dakota, sampling in 2017 and 2018 was conducted over 22
counties with 194 and 86 locations for 2017 and 2018. When comparing numbers of
individuals and species, graphs revealed that increasing the number of individuals
sampled to increase the number of species would only increase the number of species by
approximately two in 2017 (Fig. 5). However, in 2018 since fewer individuals were
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recorded, the sampling effort would need to be increased as the logarithmic curve does
not stabilize for number of species (Fig. 7). In addition, when comparing numbers of
species and samples (e.g., counties), graphs revealed that increasing the number of
samples to increase the number of species would only increase the number of species by
approximately two for 2017 (Fig. 6). However, in 2018 since fewer locations within
samples (e.g., counties) were recorded, the sampling effort would need to be increased as
the logarithmic curve does not stabilize for number of species (Fig. 8).
For eastern South Dakota, sampling in 2017 and 2018 was conducted over 44
counties with 400 locations for both years. When comparing numbers of individuals and
species, graphs revealed that increasing the number of individuals sampled to increase the
number of species would only increase the number of species by approximately three for
2017 (Fig. 9) and one for 2018 (Fig. 11). In addition, when comparing numbers of
species and samples (e.g., counties), graphs revealed that increasing the number of
samples to increase the number of species would only increase the number of species by
about three for 2017 (Fig. 10) and one for 2018 (Fig. 12).
Simpson’s Diversity
The Simpson’s Diversity Index values for counties in eastern and western South
Dakota for 2017 and 2018 range from zero to one with zero indicating low diversity and
one indicating high diversity. In western South Dakota for 2017, the average species
diversity was 0.70 for the 22 counties. Tripp county had the highest species diversity at
1.0, while Custer county had the lowest species diversity at 0.23. In 2018, the average
species diversity was 0.76 for 22 counties. Haakon, Lawrence, Stanley and Tripp counties
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had the highest species diversity at 1.0, while Fall River county had the lowest species
diversity at 0.20 (Table 5).
In eastern South Dakota for 2017, the average species diversity was 0.60 for the
44 counties. Campbell county had the highest species diversity at 0.78, while Moody
county had the lowest species diversity at 0.35. In 2018, the average species diversity was
0.65 for 44 counties. Hanson county had the highest species diversity at 0.79, while
Potter county had the lowest species diversity at 0.39 (Table 6).
Habitat Preference in Eastern South Dakota
Habitat differences were analyzed for eastern South Dakota only as western South
Dakota samples were collected in rangeland, while eastern South Dakota samples were
collected adjacent to crop and rangeland. In 2018, crop was broken down to include
major crops of corn, soybean, wheat, alfalfa, sunflower. Year was not significant for total
grasshoppers, but was significant for nymphs (t = 2.64; df = 4633; P < 0.008) and adults
(t = 4.15; df = 4157.7; P < 0.0001).
For total grasshoppers, years were combined, and habitat was found to be
significant (F = 57.43; df = 1; P < 0.0001) with rangeland having significantly more
grasshoppers than crops. When crop type was broken down in 2018, crop type was found
to be significant (F = 4.81; df = 4; P < 0.0007) with corn being significantly different
from soybean and wheat, while alfalfa and sunflower had no significant difference
(Fig. 13). Corn had significantly more grasshoppers than the other crop types.
For nymphs, habitat was significant in 2017 (F = 25.15; df = 1; P < 0.0001) with
rangeland having significantly more grasshoppers than crops. In 2018, habitat was also
significant (F = 15.96; df = 1; P < 0.0001) with rangeland having significantly more
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grasshoppers than crops. When crop type was broken down in 2018, crop type was found
to be significant (F = 5.25; df = 4; P < 0.0003) with corn being significantly different
from soybean and wheat, while alfalfa and sunflower had no significant difference
(Fig. 14). Corn had significantly more total grasshoppers than the other crop types.
For adults, habitat was significant in 2017 (F = 34.18; df = 1; P < 0.0001) with
rangeland having significantly more grasshoppers than crops. In 2018, habitat was also
significant (F = 16.03; df = 1; P < 0.0001) with rangeland having significantly more
grasshoppers than crops. When crop type was broken down in 2018, crop type was not
found to be significant.
Correlation to weather
Average, monthly temperatures and precipitation were analyzed using weather
stations for western and eastern South Dakota combined for 2017 and 2018 from
XmACIS2 (NOAA Regional Climate Centers). Correlation with temperature and
precipitation was examined for total, nymph and adult grasshoppers. For 2017, August
2016 to August 2017 were selected to analyze weather that might influence grasshopper
populations before, leading up and during sampling procedures. For 2018, the same range
of August 2017 to August 2018 was selected. Because there were major weather
differences between 2017 (e.g., state-wide drought) and 2018 (e.g., severe storms),
especially the blizzard in April 2018, temperature and precipitation values were analyzed
to determine what months may have caused differences in 2017 and 2018 grasshopper
populations. Although correlation between weather was low, especially with average,
monthly temperature, months that stood out are listed below.
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In 2017, positive correlation was found for average, monthly temperatures in
August 2016 and November 2016 for total grasshoppers, August 2016, November 2016
and February 2017 for nymph grasshoppers, while adult grasshoppers were mixed with
positive and negative correlation in August 2016, December 2016, January 2017,
February 2017, April 2017, July 2017 and August 2017 (Table 7). In 2018, negative
correlation was found for average monthly temperatures in August 2017, November 2017
and February 2018 to June 2018 for total grasshoppers, September 2017, February 2018
and June 2018 for nymph grasshoppers, and September 2017, October 2017 to July 2018,
excluding January 2018, for adult grasshoppers (Table 9). A possible relationship could
be November for total grasshoppers, February for nymphs, and August, December,
February and March for adult grasshoppers for average, monthly temperatures with
February being a common variable for both nymph and adult grasshoppers, although this
is a small, positive correlation in relation to average, monthly temperatures.
In 2017, negative correlation was found for average, monthly precipitation for
October 2016, May 2017, and August 2017 for total grasshoppers, October 2016 to
December 2016, May 2017 and August 2017 for nymph grasshoppers and September
2016, October 2016, May 2017 and August 2017 for adult grasshoppers (Table 8). In
2018, negative correlation was found for average, monthly precipitation for Oct 2017,
April 2018, May 2018, June 2018 and August 2018 for total grasshoppers, August 2017,
October 2017, January 2018, April 2018 to August 2018, excluding July 2018, for nymph
grasshoppers and August 2017, October 2017, December 2017, January 2018 and April
2018 to August 2018 for adult grasshoppers (Table 10). A possible relationship could be
for October, May and August for total, nymph and adult grasshoppers for average,
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monthly precipitation, although this is a small, negative correlation in relation to average,
monthly precipitation.

Discussion
A majority of the locations for 2017 and 2018 in both eastern and western South
Dakota were well below threshold, which aligns with USDA-APHIS findings that
grasshopper populations have been at a historic low for South Dakota (Mesman 2019).
During this study, there were relatively few outbreaks in both eastern and western South
Dakota. Significantly more grasshoppers were collected in eastern South Dakota
compared to western South Dakota; however, this was because technicians in western
South Dakota do not typically collect samples. Regardless, western South Dakota
appeared to have greater species diversity compared to eastern South Dakota. A total of
47 species were collected during this study. Although this is a lower number of species
than the 1925 publication (Hebard 1925), Hebard had access to a greater number
grasshoppers and samples that were collected in different habitat types compared to this
study. This may also explain why a majority of species collected in 2017 and 2018 are
defined as pest species by Pfadt (1994a).
Species accumulation curves showed that besides 2018 for western South Dakota,
both years and locations were sampled adequately. More species could be collected;
however, this would require increasing sampling efforts drastically and would likely only
result in a few additional species from the greatly increased number of grasshoppers
collected. Overall, this survey method does suffice for determining common grasshopper
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species that crop and rangeland owners may find useful for selecting a grasshopper
management plan.
Simpson’s Diversity Index showed that overall, species diversity was high among
counties for both years in eastern and western South Dakota with a few counties
indicating low diversity. For western South Dakota, some counties had substantially
higher species diversity when compared to eastern South Dakota, but also had counties
that were lower in species diversity when compared to eastern South Dakota. For eastern
and western South Dakota, the species diversities were similar between years.
Habitat preference in eastern South Dakota appeared to favor rangeland with
rangeland having significantly more total, nymph and adult grasshoppers when compared
to crops. Aside from adult grasshoppers in 2018, corn had significantly more
grasshoppers for total and nymph grasshoppers. Both of these significant differences
could be due to which habitats were more common in eastern South Dakota, vegetation
type or cultivation practices (e.g., tillage and chemical management).
Overall, average, monthly temperatures are not as significant in comparison to
average, monthly precipitation for total, nymph and adult grasshopper populations.
Instead, Branson (2014) puts more emphasis on daily high and low temperatures for
grasshopper populations, although some research found mean temperatures could also be
significant (Capinera and Horton 1989). Average, monthly precipitation during October,
May and August did seem to negatively correlate to total, nymph and adult grasshopper
populations, which could be used in forecasting techniques for South Dakota. Regardless,
temperature and precipitation are significant to grasshopper populations and relate to
higher grasshopper populations (Parker 1930, Edwards 1960, Dempster 1963, Gage and
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Mukerji 1977, Capinera and Thompson 1987, Capinera and Horton 1989, Jonas and
Joern 2007, Powell et al. 2007 and Branson 2014).
These results suggest that grasshopper surveys can provide valuable data on the
abundance and diversity of grasshoppers present in South Dakota. Furthermore, it
indicates that annual surveys could be used to provide population forecasts for
grasshoppers. These data may not have a direct economic impact, but they can provide
insight into long-term population trends and changes. Without survey data these trends
cannot be documented, and dominant species may change rapidly without indication or
understanding of the effect.
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Table 1. Species Diversity and Abundance for Western South Dakota in 2017

Psoloessa delicatula

Total
Count
15

Nymph
Count
15

Adult
Count
0

Population
Percentagea
0.44%

Melanoplus bruneri

2

2

0

0.06%

Dissosteira carolina
Camnula pellucida
Aeropedellus clavatus
Hypochlora alba
Melanoplus dawsoni
Melanoplus differentialis
Encoptolophus costalis
Melanoplus occidentalis
Phlibostroma
quadrimaculatum
Melanoplus gladstoni
Melanoplus keeleri
Melanoplus kennicotti
Trachyrhachys kiowa
Phoetaliotes nebrascensis
Orphulella pelindna
Chorthippus curtippennis
Melanoplus sanguinipes

9
5
1
24
27
16
13
4

6
3
0
10
12
16
6
0

3
2
1
14
15
0
7
4

0.26%
0.15%
0.03%
0.71%
0.79%
0.47%
0.38%
0.12%

5

1

4

0.15%

76
41
1
10
651
8
33
9

74
41
1
1
630
0
30
2

2
0
0
9
21
8
3
7

2.24%
1.21%
0.03%
0.29%
19.16%
0.24%
0.97%
0.26%

Melanoplus angustipennis

2

1

1

0.06%

Opeia obscura
Melanoplus packardii
Melanoplus confusus
Brachystola magna
Melanoplus femurrubrum
Arphia pseudonietana
Aeoloplides turnbulli

183
5
5
2
891
66
2

71
5
1
1
844
62
2

112
0
4
1
47
4
0

5.39%
0.15%
0.15%
0.06%
26.23%
1.94%
0.06%

1

0

1

0.03%

Orphulella speciosa
Hesperotettix viridis
Amphiornus coloradus
Hadrotettix trifasciatus
Melanoplus bivittatus

266
2
3
1
42

192
1
0
1
33

74
1
3
0
9

7.83%
0.06%
0.09%
0.03%
1.24%

Mermiria bivittata

83

76

7

2.44%

Common Name

Scientific Name

Brownspotted Grasshopper
Burner Spurthroated
Grasshopper
Carolina Grasshopper
Clearwinged Grasshopper
Clubhorned Grasshopper
Cudweed Grasshopper
Dawson Grasshopper
Differential
Dusky Grasshopper
Flabellate Grasshopper
Fourspotted Grasshopper
Gladston Grasshopper
Keeler Grasshopper
Kennicott Grasshopper
Kiowa Grasshopper
Largeheaded Grasshopper
Marsh Slantfaced Grasshopper
Meadow Grasshopper
Migratory Grasshopper
Narrowwinged Sand
Grasshopper
Obscure Grasshopper
Packard Grasshopper
Pasture Grasshopper
Plains Lubber Grasshopper
Redlegged Grasshopper
Redwinged Grasshopper
Russianthistle Grasshopper
Shortwinged Toothpick
Grasshopper
Slantfaced Pasture Grasshopper
Snakeweed Grasshopper
Striped Grasshopper
Threebanded Grasshopper
Twostriped Grasshopper
Twostriped Slantfaced
Grasshopper
Velvetstriped Grasshopper
Whitewhiskered Grasshopper

Pseudopomala brachyptera

Eritettix simplex
839
808
31
24.70%
Ageneotettix deorum
54
3
51
1.59%
Total
3397
2951
446
100.00%
a
Population Percentage calculated using total abundance for each species and total grasshoppers
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Table 2. Species Diversity and Abundance for Western South Dakota in 2018
Total
Nymph Adult
Population
Count
Count Count Percentagea
Admirable Grasshopper
Syrbula admirabilis
1
0
1
0.10%
Brownspotted Grasshopper
Psoloessa delicatula
52
50
2
5.15%
Cudweed Grasshopper
Hypochlora alba
20
7
13
1.98%
Dawson Grasshopper
Melanoplus dawsoni
18
1
17
1.78%
Dusky Grasshopper
Encoptolophus costalis
11
1
10
1.09%
Gladston Grasshopper
Melanoplus gladstoni
32
32
0
3.17%
Keeler Grasshopper
Melanoplus keeleri
5
5
0
0.50%
Kiowa Grasshopper
Trachyrhachys kiowa
9
1
8
0.89%
Largeheaded Grasshopper
Phoetaliotes nebrascensis
106
94
12
10.51%
Meadow Grasshopper
Chorthippus curtippennis
1
1
0
0.10%
Migratory Grasshopper
Melanoplus sanguinipes
33
0
33
3.27%
Obscure Grasshopper
Opeia obscura
118
54
64
11.69%
Packard Grasshopper
Melanoplus packardii
1
1
0
0.10%
Pasture Grasshopper
Melanoplus confusus
2
0
2
0.20%
Plains Lubber Grasshopper
Brachystola magna
1
0
1
0.10%
Redlegged Grasshopper
Melanoplus femurrubrum
101
77
24
10.01%
Redwinged Grasshopper
Arphia pseudonietana
13
12
1
1.29%
Slantfaced Pasture Grasshopper Orphulella speciosa
64
8
56
6.34%
Snakeweed Grasshopper
Hesperotettix viridis
1
0
1
0.10%
Twostriped Grasshopper
Melanoplus bivittatus
45
42
3
4.46%
Velvetstriped Grasshopper
Eritettix simplex
363
363
0
35.98%
Western Green Grasshopper
Hesperotettix speciosus
1
0
1
0.10%
Whitewhiskered Grasshopper
Ageneotettix deorum
10
0
10
0.99%
Wrinkled Grasshopper
Hippiscus ocelote
1
0
1
0.10%
Total
1009
749
260
100.00%
a
Population Percentage calculated using total abundance for each species and total grasshoppers
Common Name

Scientific Name
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Table 3. Species Diversity and Abundance for Eastern South Dakota in 2017

Syrbula admirabilis
Psoloessa delicatula

Total
Count
3
1

Nymph
Count
0
0

Adult
Count
3
1

Population
Percentagea
0.02%
0.01%

Melanoplus bruneri

1

0

1

0.01%

42
6
7
21
1001
136
2
2
2
42
196
3603
6
742
3
50
11
7817
47
3

18
0
6
2
646
101
0
2
0
17
6
2705
0
144
1
21
8
5905
6
0

24
6
1
19
355
35
2
0
2
25
190
898
6
598
2
29
3
1912
41
3

0.28%
0.04%
0.05%
0.14%
6.58%
0.89%
0.01%
0.01%
0.01%
0.28%
1.29%
23.69%
0.04%
4.88%
0.02%
0.33%
0.07%
51.39%
0.31%
0.02%

45

20

25

0.30%

16

2

14

0.11%

141
1

21
0

120
1

0.93%
0.01%

6

0

6

0.04%

Common Name

Scientific Name

Admirable Grasshopper
Brownspotted Grasshopper
Burner Spurthroated
Grasshopper
Carolina Grasshopper
Clubhorned Grasshopper
Cudweed Grasshopper
Dawson Grasshopper
Differential
Dusky Grasshopper
Flabellate Grasshopper
Fuzzy Olivegreen
Gladston Grasshopper
Keeler Grasshopper
Lakin Grasshopper
Largeheaded Grasshopper
Marsh Slantfaced Grasshopper
Meadow Grasshopper
Migratory Grasshopper
Obscure Grasshopper
Packard Grasshopper
Redlegged Grasshopper
Redwinged Grasshopper
Sagebrush Grasshopper
Shortwinged Green
Grasshopper
Shortwinged Toothpick
Grasshopper
Slantfaced Pasture Grasshopper
Specklewinged Grasshopper
Twostriped Slantfaced
Grasshopper
Twostriped Grasshopper
Whitewhiskered Grasshopper
Wrinkled Grasshopper

Dissosteira carolina
Aeropedellus clavatus
Hypochlora alba
Melanoplus dawsoni
Melanoplus differentialis
Encoptolophus costalis
Melanoplus occidentalis
Campylacantha olivacea
Melanoplus gladstoni
Melanoplus keeleri
Melanoplus lakinus
Phoetaliotes nebrascensis
Orphulella pelindna
Chorthippus curtippennis
Melanoplus sanguinipes
Opeia obscura
Melanoplus packardii
Melanoplus femurrubrum
Arphia pseudonietana
Melanoplus bowditchi
Dichromorpha viridis
Pseudopomala
brachyptera
Orphulella speciosa
Arphia conspersa
Mermiria bivittata

Melanoplus bivittatus
1249
1163
86
8.21%
Ageneotettix deorum
3
0
3
0.02%
Hippiscus ocelote
6
0
6
0.04%
Total
15211
10794
4417
100.00%
a
Population Percentage calculated using total abundance for each species and total grasshoppers
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Table 4. Species Diversity and Abundance for Eastern South Dakota in 2018
Common Name

Scientific Name

Admirable Grasshopper
Carolina Grasshopper
Clearwinged Grasshopper
Clubhorned Grasshopper
Dawson Grasshopper
Differential Grasshopper
Dusky Grasshopper
Flabellate Grasshopper
Gladston Grasshopper
Keeler Grasshopper
Kiowa Grasshopper
Lakin Grasshopper
Largeheaded Grasshopper
Marsh Slantfaced Grasshopper
Meadow Grasshopper
Migratory Grasshopper
Milkvetch Grasshopper
Mottled Sand Grasshopper
Obscure Grasshopper
Ornate Pygmy Grasshopper
Packard Grasshopper
Redlegged Grasshopper
Redwinged Grasshopper
Shortwinged Green
Grasshopper
Shortwinged Toothpick
Grasshopper
Slantfaced Pasture Grasshopper
Twostriped Slantfaced
Grasshopper
Twostripped Grasshopper
Whitewhiskered Grasshopper
Wrinkled Grasshopper

Syrbula admirabilis
Dissosteira carolina
Camnula pellucida
Aeropedellus clavatus
Melanoplus dawsoni
Melanoplus differentialis
Encoptolophus costalis
Melanoplus occidentalis
Melanoplus gladstoni
Melanoplus keeleri
Trachyrhachys kiowa
Melanoplus lakinus
Phoetaliotes nebrascensis
Orphulella pelidna
Chorthippus curtippennis
Melanoplus sanguinipes
Trimerotropis pistrinaria
Spharagemon collare
Opeia obscura
Tetrix ornata
Melanoplus packardii
Melanoplus femurrubrum
Arphia pseudonietana
Dichromorpha viridis

Total
Count
10
32
3
15
34
1029
70
4
22
65
5
18
3302
19
986
412
1
1
50
1
32
7155
45

Nymph Adult Population
Count Count Percentagea
9
1
0.06%
13
19
0.19%
0
3
0.02%
1
14
0.09%
1
33
0.21%
924
105
6.26%
60
10
0.43%
0
4
0.02%
16
6
0.13%
39
26
0.40%
0
5
0.03%
1
17
0.11%
2768
534
20.09%
0
19
0.12%
438
548
6.00%
36
376
2.51%
1
0
0.01%
0
1
0.01%
3
47
0.30%
0
1
0.01%
25
7
0.19%
6333
822
43.54%
19
26
0.27%

52

14

38

0.32%

Pseudopomala
brachyptera
Orphulella speciosa

27

1

26

0.16%

157

12

145

0.96%

Mermiria bivittata

13

0

13

0.08%

Melanoplus bivittatus
2867
2778
89
17.45%
Ageneotettix deorum
4
0
4
0.02%
Hippiscus ocelote
1
0
1
0.01%
Total
16432
13492
2940
100.00%
a
Population Percentage calculated using total abundance for each species and total grasshoppers
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Table 5. Simpson’s Diversity Index for Western South Dakota in 2017 and 2018
County
Bennett
Butte
Corson
Custer
Dewey
Fall Rivers
Gregory
Haakon
Harding
Jackson
Jones
Lawrence
Lyman
Meade
Mellette
Oglala Lakota
Pennington
Perkins
Stanley
Todd
Tripp
Ziebach
Average

Simpson’s Diversity Index (D)
2017
2018
0.83
0.69
0.71
0.82
0.67
0.50
0.23
0.42
0.74
0.88
0.66
0.20
0.65
0.76
0.73
1.00
0.68
0.80
0.83
0.82
0.81
0.83
0.31
1.00
0.80
0.73
0.85
0.65
0.67
0.77
0.78
0.75
0.62
0.83
0.59
0.55
1.00
1.00
0.73
0.79
0.72
1.00
0.76
0.87
0.70
0.76
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Table 6. Simpson’s Diversity Index for Eastern South Dakota in 2017 and 2018
County
Aurora
Beadle
Bon Homme
Brookings
Brown
Brule
Buffalo
Campbell
Charles Mix
Clark
Clay
Codington
Davison
Day
Deuel
Douglas
Edmunds
Faulk
Grant
Hamlin
Hand
Hanson
Hughes
Hutchinson
Hyde
Jerauld
Kingsbury
Lake
Lincoln
Marshall
McCook
McPherson
Miner
Minnehaha
Moody
Potter
Roberts
Sanborn
Spink
Sully
Turner
Union
Walworth
Yankton
Average

Simpson’s Diversity Index (D)
2017
2018
0.63
0.69
0.63
0.68
0.55
0.59
0.57
0.52
0.72
0.76
0.67
0.65
0.51
0.69
0.78
0.71
0.57
0.58
0.69
0.56
0.75
0.65
0.67
0.51
0.73
0.71
0.56
0.60
0.57
0.69
0.61
0.71
0.44
0.53
0.36
0.50
0.57
0.62
0.52
0.68
0.58
0.70
0.60
0.79
0.65
0.66
0.51
0.70
0.48
0.62
0.66
0.74
0.62
0.75
0.65
0.66
0.62
0.74
0.53
0.64
0.63
0.75
0.65
0.67
0.55
0.62
0.72
0.69
0.35
0.65
0.61
0.39
0.44
0.74
0.60
0.69
0.75
0.68
0.44
0.61
0.65
0.71
0.69
0.68
0.52
0.44
0.62
0.58
0.60
0.65
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Table 7. Correlation Between Total, Nymph and Adult grasshoppers with Average
Temperatures in 2017 for Eastern and Western South Dakota
Month
Total Grasshoppers Nymph Grasshoppers
August 2016
+0.13
+0.11
September 2016
-0.02
-0.03
October 2016
+0.04
-0.01
November 2016
+0.16
+0.19
December 2016
+0.05
+0.16
January 2017
+0.03
+0.16
February 2017
+0.07
+0.18
March 2017
+0.05
+0.07
April 2017
-0.02
+0.03
May 2017
+0.04
+0.01
June 2017
+0.01
+0.04
July 2017
+0.1
+0.05
August 2017
+0.06
+0.02

Adult Grasshoppers
+0.11
-0.09
+0.07
+0.07
-0.14
-0.21
-0.14
-0.02
-0.12
+0.1
-0.04
+0.15
+0.1
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Table 8. Correlation Between Total, Nymph and Adult grasshoppers with Average
Precipitation in 2017 for Eastern and Western South Dakota
Month
Total Grasshoppers Nymph Grasshoppers Adult Grasshoppers
August 2016
-0.02
+0.04
-0.06
September 2016
-0.17
-0.01
-0.4
October 2016
-0.27
-0.15
-0.38
November 2016
-0.12
-0.23
+0.07
December 2016
-0.1
-0.21
+0.13
January 2017
-0.01
-0.02
+0.04
February 2017
-0.09
-0.06
-0.13
March 2017
-0.08
-0.09
-0.02
April 2017
+0.03
+0.1
-0.06
May 2017
-0.29
-0.13
-0.45
June 2017
-0.04
-0.04
-0.01
July 2017
+0.06
0.06
+0.07
August 2017
-0.28
-0.21
-0.36
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Table 9. Correlation Between Total, Nymph and Adult grasshoppers with Average
Temperatures in 2018 for Eastern and Western South Dakota
Month
Total Grasshoppers Nymph Grasshoppers Adult Grasshoppers
August 2017
-0.03
-0.02
-0.1
September 2017
-0.19
-0.15
-0.34
October 2017
-0.09
-0.06
-0.28
November 2017
-0.13
-0.09
-0.3
December 2017
-0.03
-0.01
-0.21
January 2018
-0.01
-0.01
-0.06
February 2018
-0.18
-0.11
-0.46
March 2018
-0.19
-0.14
-0.39
April 2018
-0.14
-0.13
-0.16
May 2018
-0.16
-0.12
-0.31
June 2018
-0.17
-0.14
-0.29
July 2018
-0.05
-0.03
-0.15
August 2018
+0.04
+0.05
-0.01
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Table 10. Correlation Between Total, Nymph and Adult grasshoppers with Average
Precipitation in 2018 for Eastern and Western South Dakota
Month
Total Grasshoppers Nymph Grasshoppers Adult Grasshoppers
August 2017
-0.19
-0.15
-0.32
September 2017
+0.05
+0.06
-0.01
October 2017
-0.36
-0.3
-0.54
November 2017
-0.01
-0.01
-0.02
December 2017
-0.12
-0.09
-0.28
January 2018
-0.2
-0.16
-0.36
February 2018
+0.08
+0.08
-0.02
March 2018
-0.04
-0.05
-0.03
April 2018
-0.32
-0.27
-0.5
May 2018
-0.21
-0.19
-0.24
June 2018
-0.24
-0.2
-0.41
July 2018
-0.08
-0.05
-0.2
August 2018
-0.26
-0.22
-0.44
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Figure Captions

Figure 1. Western South Dakota Abundance Map for Adult Grasshoppers in 2017.
Green triangles indicate grasshopper populations that were below threshold (0-3), orange
squares indicate grasshopper populations that were approaching threshold (4-7), and red
circles indicate grasshopper populations that exceeded threshold (8 or more). 2017 had 18
locations that were above threshold.

Figure 2. Western South Dakota Abundance Map for Adult Grasshoppers in 2018.
Green triangles indicate grasshopper populations that were below threshold (0-3), orange
squares indicate grasshopper populations that were approaching threshold (4-7), and red
circles indicate grasshopper populations that exceeded threshold (8 or more). 2018 had 22
locations that were above threshold.

Figure 3. Eastern South Dakota Abundance Map for Nymph and Adult
Grasshoppers in 2017. Green triangles indicate grasshopper populations that were below
threshold (0-3), orange squares indicate grasshopper populations that were approaching
threshold (4-7), and red circles indicate grasshopper populations that exceeded threshold
(8 or more). 2017 had 14 locations that were above threshold.
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Figure 4. Eastern South Dakota Abundance Map for Nymph and Adult
Grasshoppers in 2018. Green triangles indicate grasshopper populations that were below
threshold (0-3), orange squares indicate grasshopper populations that were approaching
threshold (4-7), and red circles indicate grasshopper populations that exceeded threshold
(8 or more). 2018 had 15 locations that were above threshold.

Figure 5. Western South Dakota Species Accumulation Curve in Relation to
Grasshopper Individuals in 2017. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes.

Figure 6. Western South Dakota Species Accumulation Curve in Relation to
Grasshopper Samples in 2017. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes. Samples represents
counties.

Figure 7. Western South Dakota Species Accumulation Curve in Relation to
Grasshopper Individuals in 2018. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes.
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Figure 8. Western South Dakota Species Accumulation Curve in Relation to
Grasshopper Samples in 2018. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes. Samples represents
counties.

Figure 9. Eastern South Dakota Species Accumulation Curve in Relation to
Grasshopper Individuals in 2017. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes.

Figure 10. Eastern South Dakota Species Accumulation Curve in Relation to
Grasshopper Samples in 2017. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes. Samples represents
counties.
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Figure 11. Eastern South Dakota Species Accumulation Curve in Relation to
Grasshopper Individuals in 2018. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes.

Figure 12. Eastern South Dakota Species Accumulation Curve in Relation to
Grasshopper Samples in 2018. Interpolation (solid curve) and extrapolation (dashed
curve) with 95% confidence intervals. Intersection of the light gray line represents
species observed (Sobs), while the intersection of the dotted grey line represents species
estimated (Sest) at the point where the logistic curve stabilizes. Samples represents
counties.

Figure 13. Tukey's Honest Significant Difference Test for Mean Total Grasshoppers
in 2018. Capital letters indicate significant differences in mean of total grasshoppers
among crop types (P < 0.05).

Figure 14. Tukey's Honest Significant Difference Test for Mean Nymph
Grasshoppers in 2018. Capital letters indicate significant differences in mean of nymph
grasshoppers among crop types (P < 0.05).
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CHAPTER 3

DENSITY AND DISTRIBUTION OF ECTOPARASITIC MITES OF
GRASSHOPPERS IN SOUTH DAKOTA

ERICA ANDERSON, ADAM VARENHORST AND BILLY FULLER

Agronomy, Horticulture and Plant Science Department, South Dakota State University

Abstract
In South Dakota, adults and deutonymphs of the grasshopper mites (Arachnida:
Trombidiidae) feed on grasshopper eggs within the soil; however, parasitic larvae are
commonly observed attached to the wings of grasshoppers. Previous studies suggest that
mites reduce grasshopper fecundity and that severe infestations can interfere with
grasshopper mobility, making them more susceptible to predators. The last study
evaluating grasshopper mites in South Dakota was published in 1944. The goal of this
project was to determine the density and distribution of grasshopper mites in South
Dakota. To obtain these data, we sampled grasshoppers in the summers of 2017 and 2018
using sweep nets with 40 pendulum sweeps. Samples from western South Dakota were
collected in rangeland and donated by USDA-APHIS. For eastern South Dakota, 400
sites were sampled once with two samples collected simultaneously from ditches
alongside crop and rangeland. Grasshopper mites were recorded, noting which
grasshopper species, sex and life stage as well as how many mites were present and their
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attachment site on the grasshopper. Our results indicate that the most abundant mites
(over 90%) were Eutrombidium spp. During 2017 and 2018, the survey revealed that the
majority of mite populations were relatively low; however, there were localized increased
populations that were related to increased grasshopper populations. Our study suggests
that additional research is needed to determine which species of grasshopper mites are
present and that annual grasshopper mite surveys are also necessary to determine the
overall impact that grasshopper mites have on grasshopper populations for integrated pest
management purposes.
Keywords: Eutrombidium spp., Arachnida, Trombidiidae, Integrated Pest
Management, Orthoptera

Introduction
Grasshoppers (Orthoptera: Acrididae) are phytophagous insects that are known for their
potential to reach populations that cause economic injury to crops and rangeland in the
United States (Parker 1939, Foster 2000). Hewitt and Onsager (1982) estimated that
grasshoppers were responsible for the consumption of approximately 21-23% of
rangeland in the western United States and conservatively estimated that approximately
$393 million in rangeland forage lost each year. In 2017, that would amount to $981
million based on inflation rates. In 2017, it was estimated that in South Dakota there were
approximately 10 million hectares that were classified as rangeland (Davis and Smart
2017). After a grasshopper epidemic in the mid 1980's and increasing environmental risks
associated with the use of broad-spectrum insecticides, the United States Department of
Agriculture - Animal and Plant Health Inspection Service (USDA- APHIS) began to push
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for biological control as a component of integrated pest management (IPM) for
grasshoppers (Streett 2000).
There are seven known grasshopper mite species in the genus Eutrombidium
(Arachnida: Trombidiidae) in North America (i.e., E. cortices Ewing, E. magnum Ewing,
E. lebaroni Southcott, E. locustarum Walsh, E. orientale Southcott, E. rileyi Southcott,
and E. trombidioides Banks). However, identification beyond genus is currently
impossible and there is controversy over the identity of some of the species (Ashley
Dowling personal communications). Most species are described from the post-larval
stages based upon the structure of the dorsal plate and larvae identification would require
rearing mites into deutonymphs or adults. Thus, research that refers to E. locustarum
likely refers to multiple species and should instead be referred to as Eutrombidium spp.
Grasshopper mites are distributed throughout South Dakota. Previously, Severin
(1944) recorded grasshopper mites in the Black Hills, Sand Hills, Badlands and both west
and east of the Missouri River in South Dakota. Soil quality or moisture does not
influence mite distribution as mites have been found in wet or dry locations as long as
grasshoppers, and especially grasshopper eggs, are present (Howard 1918). However,
excess soil moisture (e.g., flooding) or the absence of it (e.g., drought) can decrease
grasshopper mite populations since a majority of their lifespan is spent within the soil
(Severin 1944). Mites can be regularly found parasitizing grasshoppers throughout South
Dakota each year, especially when favorable weather conditions are present.
Grasshopper mites are categorized by a complex life cycle with heteromorphic
parasitic larvae and predatory deutonymphs and adults (Wohltmann et al. 1996). The
grasshopper mite life cycle can include up to six stages: egg, larvae, protonymph
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(prenymphal pupa), deutonymph (nymph), tritonymph (preimaginal pupa), and adult
(Severin 1944, Husband and Wohltmann 2011). A pre-larval stage may also be
mentioned as an additional life stage (Zhang 1999). The pre-larvae, protonymphs and
tritonymphs are considered calyptostatic (i.e., neither mouthparts or legs are functional),
while the larvae are ectoparasites of grasshoppers. Both the deutonymphs and adults are
predators of grasshopper eggs (Zhang 1999). Grasshopper mite larvae can remain alive,
without a host, for approximately 28 days under normal conditions, one to five days
under warm, dry conditions and up to two months in cool conditions (Severin 1944).
Biological control is one component of integrated pest management and there are
a number of economically important grasshopper pest species that are parasitized by
grasshopper mite larvae (Welbourn 1983, Gerson and Smiley 1990, Wohltmann et al.
1996). The most observed grasshopper mites that are attached to grasshoppers are
Eutrombidium spp. larvae (Huggans and Blickenstaff 1996, Southcott 1993). Little is
known about the impacts ectoparasitic larval mites have on the grasshopper life span, but
it is likely that the harmful effects are small and no known diseases are vectored to the
grasshoppers (Severin 1944, Campbell 1964, Rees 1973, Belovsky et al. 1996). Belovsky
(1996) recorded only two species of mite parasitoids of adult grasshoppers that are
known to decrease female fecundity, E. locustorum which attaches on the wings and an
unnamed species that attaches on the appendages. Hostetter (1996) proposed that this
makes grasshopper mites valuable in the natural regulation of grasshopper populations.
However, egg predation occurs in the soil making it difficult to survey, but the parasitism
caused by the larvae can be easily studied in the field (Belovsky et al. 1996). For this
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reason, grasshopper mites are considered a potential agent for biological control
(Welbourn 1983, Wohltmann et al. 1996).
Although laboratory studies found that larvae do not significantly decrease
grasshopper survival and reproduction (Huggan and Blickenstaff 1966), several field
studies have found that grasshopper survival and reproduction were reduced, especially
during severe infestations (Anderson 2013, Belovsky et al. 1996, Branson 2003b and
McReynolds 2014). Eutrombidium is the most common ectoparasitic mite genus that
preys on grasshoppers and can be easily seen attached to both hind and forewings of adult
grasshoppers and wing pads or nymph grasshoppers. This makes it possible to survey
grasshoppers and determine the frequency of grasshopper mites in South Dakota (Severin
1944, Belovsky et al. 1996).
The quantitative effect that mites have on grasshopper populations is debatable as
multiple studies support or question if mites are a viable integrated pest management
option; however, there is evidence that there are long term effects of infestations on
grasshopper populations. Howard (1918) believed that Eutrombidium spp. had significant
effects even if the larvae only weakened grasshopper nymphs and adults, as both the
deutonymph and adult mites feed on a number of grasshopper eggs, serving as
grasshopper “natural checks.” Hosts of Eutrombidium spp. might survive parasitism and
reproduce (Severin 1944, Huggans and Blickenstaff 1966); however, effects on host
longevity or reproduction rates can still be significant for managing grasshopper
populations (Husband and Wohltmann 2011). Severin (1944) noted that grasshoppers that
were infested with grasshopper mite larvae typically had mites of variable age and sizes
and which could range from newly hatched to fully engorged.
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Branson (2003b) selected two grasshopper species (i.e., Ageneotettix deorum
Scudder (whitewhiskered grasshopper) and Melanoplus sanguinipes Fabricius (migratory
grasshopper)) for a cage study to determine the effect that E. locustarum had on survival
and reproductive success. There was an average of three mites per grasshopper for those
infested. Females in both species were found to have reduced initial and total
reproduction with an estimated decline in egg production of 39-44%. Future reproduction
following mite infestation was lower in M. sanguinipes, but not affected for A. deorum.
Infestation had no effect on the initial survival of M. sanguinipes, but there was an effect
on A. deorum. Overall survival was not affected for either species, but they were also not
exposed to predators during the experiment.
Huggans and Blickenstaff (1966) found contradicting evidence, but the
grasshoppers used in their study were provided with high quality food and had optimal
laboratory conditions. In realistic conditions that are best utilized in a field study, survival
and reproduction can be affected by grasshopper mites, even dramatically (Belovsky et
al. 1996). Belovsky and Slade (1994) confirm this by a cage study in western Montana
and found that grasshopper nymph and adult survival were reduced by an average of
29%, female reproductive output reduced by an average of 47% and overall population
was reduced by 62% through reductions in egg production. This is more significant than
Branson’s (2003b) study but still supports that mite larvae can have a significant effect on
grasshopper survival and reproduction in the field. When higher grasshopper densities are
factored in, egg production is reduced from 45% in cages stocked with four adult
grasshoppers to 69% in cages stocked with ten adult grasshoppers (Belovsky and Slade
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1994). This again, does not include the impact that mite larvae could have on increased
predation rates of grasshoppers since the study uses a cage design.
Studies that support mites as a tool for integrated pest management do find that
grasshopper survival and reproduction depend on the mite, host size and the number of
mites (Zhang 1999). The quantitative effect mites have through egg predation is not fully
understood but based on both deutonymph and adult consumption needs, it could be
substantial (Severin 1944, Rees 1973, Belovsky et al. 1996). Regardless, predation and
ectoparasitism quantitative effects are not important if mite populations are low in
comparison to grasshopper populations (Belovsky et al. 1996). Rearing mites in large
numbers at a laboratory to release them into the environment may be an option, but this is
difficult because of the mite life cycle and diverse need for survival and reproduction
(Belovsky et al. 1996).
The frequency of grasshopper mites and the relationship to grasshopper abundance
has never been studied in South Dakota. This could be useful to determine if these
organisms could be an additional management tool for integrated pest management
programs of grasshoppers. The goal of this research was to survey grasshopper populations
for mite larvae and determine the density and distribution of grasshopper mite larvae in
relation to grasshopper abundance in South Dakota.

Materials and Methods
Sampling Sites
Sampling for this project was conducted in eastern and western South Dakota.
The two regions were analyzed individually due to the differences in sample numbers,
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habitat types and samplers. Sample sites in eastern South Dakota were located in road
ditches that were adjacent to either field crops or rangeland habitats to avoid trespassing.
The sample sites in western South Dakota were conducted by USDA-APHIS field
specialists in rangeland exclusively. Both regions were sampled in 2017 and 2018.
Sampling began during late July until early September when grasshoppers were at peak
populations and locations were sampled only once per season.
In western South Dakota, grasshoppers were collected from 22 counties by
USDA- APHIS field specialists that were led by Amy Mesman. USDA-APHIS
implements a grid system to conduct their surveys in rangeland habitat. Out of their
numerous samples, 193 were donated in 2017 and 86 in 2018. The limited number of
samples is attributed to the fact that the field specialists are not required to collect
samples for the annual USDA-APHIS survey, but instead are trained to record
grasshopper abundance in the field. Specialists had to store donated samples in their
personal freezers until samples could be transferred to South Dakota State University
(SDSU).
In eastern South Dakota, grasshoppers were collected from 44 counties. A total of
800 samples were collected each year from a total of 400 sampling sites. Two samples
(i.e., subsampling) were collected simultaneously from nine sites in 40 counties and 10
sites in four counties (i.e., larger counties had an extra sampling site). During each year,
each individual sampling site was only sampled once. Each sampling site was randomly
selected using a grid system based on traversable roadways. In 2017, adjacent habitat
types were generalized as crop and adjacent pasture and other grasslands were
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generalized as rangeland. In 2018, crop type was broken down to include major crops of
corn, soybean, wheat, alfalfa and sunflower.
Collection and Identification
For both study locations, sampling was conducted using a 38-cm diameter sweep
net. Each sample consisted of 40 pendulum sweeps. A pendulum sweep is defined as the
180-degree motion of the sweep net with a return to the starting position. Collectors
walked in a straight line at a medium pace and swung the sweep nets in a pendulum
motion from high to low in the plant canopy. This method ensured that both slow- and
fast-moving grasshopper species would be equally sampled. Data for each location
included county, latitude and longitude, collection date and habitat type.
For the eastern South Dakota sample sites, collected samples were placed into
gallon sized plastic bags that were labeled with the location data. For the western South
Dakota sample sites, collected samples were placed into paper bags, stapled and labeled
with the location data. Some samples had to be double bagged as grasshoppers chewed
through the paper bags before they could be frozen.
Following collection, samples were placed into a freezer until the mite larvae
present on the grasshoppers could be counted and the attachment site on the grasshopper
documented using a dissecting microscope. In addition, grasshoppers were carefully
examined under a microscope to determine grasshopper species, sex and life stage (e.g.,
nymph or adult). Mite identification was confirmed by samples that were sent to the
University of Arkansas and examined by Drs. Dowling and Fisher. Grasshoppers were
identified to the lowest possible taxonomic unit (i.e., species) using Pfadt (1994) and
confirmed with Severin-McDaniel Insect Research Collection, housed at SDSU. A
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voucher collection of grasshopper species was constructed for this study for both the
Severin-McDaniel Insect Research Collection and SDSU Extension Entomology (i.e.,
laboratory use and field research days). A voucher collection of grasshopper mite larvae
was constructed and stored at the Severin-McDaniel Insect Research Collection.

Statistical Analysis
Abundance maps were generated using ArcGIS Desktop version 10.6.8321 (ESRI
2018) for eastern South Dakota in 2017 and 2018. Maps are used to determine the
density, average mite per grasshopper and infestation rates of grasshopper mite larvae at
each sample site. Sample sites were categorized as locations without mites and either
density, average or percentage categories.
Data for this study was analyzed using Program R version 3.5.3 (R Core Team
2018) for 2017 and 2018 in eastern South Dakota only. 2017 and 2018 were not
significantly different from each other for total mites larvae or total infested
grasshoppers. All statistical comparison tests used to interpret results of data utilized α of
0.05 for a 95% confidence level. To compare the mite larvae per grasshopper and
grasshoppers infested by the two different mite species, differences between nymph and
adult grasshoppers and differences between adult male and female grasshoppers data was
analyzed using a t-test. To determine host species significance for mite larvae per
grasshopper and grasshoppers infested, data was analyzed using an analysis of variance
and then followed by Tukey’s Honest Significance Difference test to determine which
means were significantly different from one another. To compare the mite larvae per
grasshopper and grasshoppers infested differences between rangeland and crop habitats,
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data was analyzed using a t-test. In 2018, crop type was analyzed using an analysis of
variance and then followed by Tukey’s Honest Significance Difference test to determine
which means were significantly different from one another. To evaluate the relationship
between grasshopper abundance and total mite larvae as well as grasshopper abundance
and infested grasshoppers, data was analyzed using Spearman to test for correlation.

Results
Ectoparasitic Mite Identification
Samples of two observed species that were present on grasshopper nymphs and
adults in both 2017 and 2018 were sent to the University of Arkansas for confirmation of
the species. Species one was identified to the genus Eutrombidium. However, due to the
difficulty of identifying individuals of the genus to species, this species is currently
referred to as the species complex, Eutrombidium spp. Individuals from species two were
identified to the genus Leptus spp., which is also considered a species complex. Species
distinctions could not be made as both genera are understudied and lack reliable
information even if larvae had been reared to deutonymphs or adults.
Eutrombidium spp. made up the vast majority of the samples (over 90%) and had
an attachment site preference for the forewings and hindwings on adult grasshoppers and
wing pads on nymph grasshoppers. Leptus spp. made up a smaller portion of the samples
and had an attachment site preference for grasshopper antenna, thorax, legs and head.
There were significantly more mite larvae per grasshopper of Eutrombidium spp. than
Leptus spp. (t = 2.96; df = 103; P < 0.004). In addition, there were significantly more
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grasshoppers infested with Eutrombidium spp. than Leptus spp. (t = 8.52; df = 87.89;
P < 0.0001).
Collection Summary: Western South Dakota
In 2017, eight of the 3,397 collected grasshoppers were infested. A total of 21
total mite larvae were recorded on the eight grasshoppers’ wings or wing pads and were
identified as Eutrombidium spp. larvae. For grasshopper nymphs, four were infested with
a total of four mite larvae (i.e., average of 1). Four grasshopper adults were infested with
a total of 17 mite larvae (i.e., average of 4.3). Of the 4 adult grasshoppers, one was a
female with five mites and three were males with a total of 12 mites (i.e., average of 4).
Four grasshopper species were infested with grasshopper mite larvae and are shown in
Table 1, along with the total grasshoppers sampled and infested, total mites identified and
infestation rate of each species from the grasshoppers collected.
In 2018, 25 grasshoppers were infested out of the 1,009 collected individuals. A
total of 38 mite larvae were recorded on 22 grasshoppers’ wings or wing pads and
identified as Eutrombidium spp. Four total mite larvae were recorded on the thorax of
three grasshoppers and were identified as Leptus spp. A total of nine mite larvae were
observed on six grasshopper nymphs (i.e., average of 1.5). There were a total of 33 mite
larvae present on 19 grasshopper adults (i.e., average of 1.7). Seven of the 19 adult
grasshoppers were females with a total of 15 mite larvae (i.e., average of 2.1) and 12
male adults were infested with a total of 18 mite larvae (i.e., average of 1.5). Seven
grasshopper species were infested with grasshopper mite larvae and are shown in Table 2,
along with the total grasshoppers sampled and infested, total mites identified and
infestation rate of each species from the grasshoppers collected.
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Collection Summary: Eastern South Dakota
In 2017, 871 of the 15,211 collected individuals were infested with a total of
1,655 grasshopper mite larvae. Mite abundance differed based on location within the
eastern part of South Dakota (Fig. 1). Of the 1,655 total mite larvae, 1,591 were recorded
on the wings or wing pads of 823 grasshoppers. These were identified as Eutrombidium
spp. Two mites were observed on the antennae of two grasshoppers, three mites were
recorded on the heads of three grasshoppers, 28 mites were recorded on the legs of 16
grasshoppers (e.g., one grasshopper had 10 mites) and 31 mites were observed on the
thorax of 27 grasshoppers. These grasshopper mite larvae were identified as Leptus spp.
In 2018, 829 of the 16,432 grasshoppers that were collected were infested with a
total of 1,655 grasshopper mites. Like 2017, the distribution of grasshopper mite
abundance varied by location (Fig. 2). Of the 1,655 total mite larvae, 1,579 were recorded
on the wings or wing pads of 786 grasshoppers. These were identified as Eutrombidium
spp. In addition, two mites were observed on the antennae of two grasshoppers, 28 mites
were observed on the legs of 13 grasshoppers and 44 mites were observed on the thoraxes
of 27 grasshoppers. These were identified as larvae of Leptus spp. In one instance, a
single Eutrombidium spp. larva was observed on the wing of a grasshopper and a single
Leptus spp. larva was attached to the antenna of the same grasshopper.
In 2017, 541 grasshopper nymphs had 973 total mites and an average of 1.8 mites
per infested nymph with the highest infestation at 9. A total of 330 grasshopper adults
were collected that were infested with a total of 692 mites (i.e., average of 2.1). In 2018,
grasshopper nymphs were 572 in total, had 1,154 total mites and an average of 2.0 mites
per infested nymph with the highest infestation at 13. A total of 257 grasshopper adults
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were collected that were infested with a total of 501 mites (i.e., average of 2.0). There
were not significantly more mite larvae per grasshopper nymphs than adults, but there
were significantly more infested grasshopper nymphs than adults (t = 2.65; df = 143;
P < 0.008).
In 2017, out of the 330 adult grasshoppers, 142 were females that were infested
with 313 grasshopper mites (i.e., average of 2.2) and 188 were males that were infested
with 379 mites (i.e., average of 2). In 2018, out of the 257 adult grasshoppers, 94 were
females that were infested with 183 grasshopper mites (i.e., average of 2.0) with the
highest infestation at 10 and 163 were males that were infested with 318 mites (i.e.,
average of 2.0). There was not significant difference for mite larvae per male than female
grasshopper, but slight significance for infested grasshopper males than females (t = 1.97;
df = 101.04; P < 0.05).
For both 2017 and 2018, 10 and 11 grasshopper species were infested with
grasshopper mite larvae and are shown in Table 3 and Table 4, along with the total
grasshoppers sampled and infested, total mites identified and infestation rate of each
species from the grasshoppers collected. Grasshopper mite larvae per grasshopper were
significantly different among infested grasshopper species (i.e., 14 infested species for
both 2017 and 2018 combined) (F = 4.07; df = 13 P < 0.0001) and number of infested
grasshoppers (F = 64.59; df = 143 P < 0.0001). However, for grasshopper mite larvae
per grasshopper, no species were significantly different from each other. For number of
infested grasshoppers, Melanoplus femurrubrum DeGeer (redlegged grasshopper) and
Melanoplus differentialis Thomas (differential grasshopper) were significantly different
from each other or Melanoplus packardii Scudder (packard grasshopper), Orphulella
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speciosa Scudder (slantfaced pasture grasshopper), Chorthippus curtipennis Harris
(meadow grasshopper), Melanoplus occidentalis Thomas (flabellate grasshopper,
Melanoplus gladstoni Scudder (gladston grasshopper), Dissosteira carolina Linnaeus
(carolina grasshopper), Encoptolophus costalis Scudder (dusky grasshopper) and
Pseudopomala brachyptera Scudder (shortwinged toothpick grasshopper) (Fig. 3).
Habitat was then evaluated to determine if habitat (i.e., crop and rangeland)
influenced the number of mite larvae per grasshopper or the number of infested
grasshoppers. There was a significant difference for average mite larvae per grasshopper
(t = 3.8; df = 1530.3; P < 0.0001), but no significance for number of infested
grasshoppers. In 2018, the crop grouping for habitat was expanded to evaluate differences
by crop type (i.e., corn, soybean, wheat, alfalfa and sunflower). However, there were no
significant differences in mites per grasshopper or number of infested grasshoppers
among the different crops.
Furthermore, we determined that grasshopper mite abundance was correlated to
grasshopper abundance (e.g., 57.5%). In addition, grasshopper abundance was also
correlated to number of infested grasshoppers (e.g., 59.5%). This shows a possible
relationship between increased grasshopper populations with increased infested
grasshoppers and number of grasshopper mites.
Rate of Parasitism
For western South Dakota, the overall rate of parasitism was 0.24% and 2.48% for
2017 and 2018. In eastern South Dakota, the average mite larvae per grasshopper is 1.9
and 2.0 for 2017 and 2018. However, there were three locations in 2017 where the
average mites per grasshopper was four locations (Fig. 4) and five locations in 2018
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(Fig. 5). The overall rate of parasitism was 5.73% in 2017 (Fig. 6) and 5.05% in 2018
(Fig. 7). During both 2017 and 2018 there were two locations with infestation rates over
45%; however, one location in 2018 had an infestation rate of 100%.

Discussion
During 2017 and 2018, two species complexes (i.e., Eutrombidium spp. and
Leptus spp.) of grasshopper mites were observed in South Dakota. However, there were
very few grasshopper mites observed in western South Dakota. Several factors including
historically low grasshopper population and different habitat as well as collection and
storage methods, may explain the low observed grasshopper mite populations. Many of
the grasshopper mites that were observed on grasshoppers from western South Dakota
were shriveled in appearance. We observed a greater abundance of grasshopper mites in
eastern South Dakota during both years of the study. Our results suggest that the greater
grasshopper mite larvae populations and number of infested grasshoppers are related to
the total grasshopper collected in eastern South Dakota compared to western South
Dakota. In addition, the sampling and storage of the grasshopper mites from eastern
South Dakota resulted in well preserved mites.
Because grasshopper mites that were observed infesting grasshopper nymphs and
adults are larvae, they are challenging to identify. Mite experts recommend identifying
the deutonymph or adult life stages. To ensure that mite identification was accurate,
samples were sent to the University of Arkansas where two mite experts examined them.
They determined that the individuals that were sent belonged to two different species
complexes that are difficult to identify to species, even with DNA analysis. Therefore, we
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observed that Eutrombidium spp. larvae have attachment site preference of grasshopper
wings or wingpads, and Leptus spp. larvae have attachment site preference the legs,
thorax or antennae. Additional research will be necessary before the species complexes
can be identified further. This could be important for the implementation of grasshopper
mites into integrated pest management programs for grasshoppers if grasshopper mite
species have grasshopper species preference. Of the two species complexes,
Eutrombidium spp. were significantly more common than Leptus spp. during both years.
The results of this study indicate that a statewide survey conducted with a single
protocol would provide more reliable results. Differences in the number of samplers, the
number of samples, sampling methods and storage procedures could have resulted in the
observed differences between eastern and western South Dakota samples. A single
methodology would reduce inter-sampler variability and also ensure that all samples are
treated equally prior to evaluation and identification.
The results of this study for eastern South Dakota indicate that both years were
significantly similar in total mite larvae collected and number of grasshoppers infested.
Average mite larvae per grasshopper was similar for adults and nymph grasshoppers, but
significantly more nymphs were infested with mites than adult grasshoppers. This could
be due to the timing of sampling for this study or that there were significantly more
nymphs observed in samples compared to adults. Previous research also indicated that
molting reduces the infestation of grasshopper mites (Severin 1944), which could explain
why observed adult grasshoppers were infested less than nymph grasshoppers. However,
grasshopper nymphs may also be easier for grasshopper mite larvae to attach to than adult
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grasshoppers, especially if mite larvae are hatching near locations were grasshopper
nymphs hatched.
Out of the adult grasshoppers, the average mite larvae per grasshopper was
similar for males and females, but significantly more males were infested with larvae
than females. This could be caused by male activity levels put them at greater risk for
becoming infested or more males were observed in samples than females. Grasshopper
mite larvae on female grasshoppers cause greater effects in reduced fecundity and
oviposition disruption, while mite larvae on male grasshoppers may only disrupt mobility
and increase vulnerability to predation.
There were 10 species infested in 2017 and 11 species infested in 2018 with 14
total species infested during the study. The four-predominant species with mite larvae
were also the most collected species. Only total infested grasshoppers were significant for
species, with M. femurrubrum having the most infested individuals for both years. Since
mites are known to infest any species of grasshopper, the difference in infestation rates is
likely due to more to which grasshopper species are observed most frequently in the
populations. The genus Melanoplus was the most commonly observed and infested by
grasshopper mite larvae. Although infestation rates were low during both years of the
study there were locations where high infestation rates were observed. Belovsky et al.
(1996) found that 0-75 percent of grasshoppers were infested with an average of 20.5
percent at a site and an average of 2.5 mites per grasshopper. In 2017 and 2018, a
majority of sites either had no mites present or up to 15 percent infestation rate. Two
locations for both years had infestation rates with over 45 percent with 2018 having one
location that was 100 percent infestation rate.
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Overall, this study indicates that additional research is needed to better understand
the importance of grasshopper mites to grasshopper population management.
Furthermore, this study only evaluated the larvae of grasshopper mites, which are
ectoparasites. Future research should also evaluate the impact that the deutonymphs and
adults have on grasshopper eggs (i.e., both of these life stages are egg predators). A larger
survey, which includes all life stages, could reveal higher densities of grasshopper mites
and an increase in the relationship between grasshopper mite populations and number of
infested grasshoppers. In addition, the effect of pesticides, seed treatments and tillage on
grasshopper mites should be examined to determine if non-target effects on the soildwelling stages could limit local populations.
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Table 1-4.
aInfested

grasshopper species with grasshopper mites among locations (column 1).
grasshoppers sampled of each species among locations (column 2).
cTotal infested grasshoppers among locations (column 3).
dTotal mites found from total infested grasshoppers among locations (column 4).
eInfestion rate of each species calculated from total grasshoppers and total infested
grasshoppers among locations (column 5).
bTotal

Table 1. Infested Grasshopper Species of the Grasshopper Mite, (Eutrombidium
spp.) for 2017, Western South Dakota

Total
Grasshopper Species

a

Total Grasshoppers

Total

Infestation

Infestedc

Mitesd

Rate (%)e

891

3

3

0.34

266

2

2

0.75

13

2

14

15.38

76

1

2

1.32

Grasshoppers
(Sample Size)b

Redlegged Grasshopper
(Melanoplus femurrubrum)
Slantfaced Pasture Grasshopper
(Orphulella speciosa)
Dusky Grasshopper
(Encoptolophus costalis)
Gladston Grasshopper
(Melanoplus gladstoni)

128
Table 2. Infested Grasshopper Species of Grasshopper Mites, (Eutrombidium spp.
and Leptus spp.) for 2018, Western South Dakota

Grasshopper Species

a

Migratory Grasshopper
(Melanoplus sanguinipes)
Twostriped Grasshopper
(Melanoplus bivittatus)
Redlegged Grasshopper
(Melanoplus femurrubrum)
Largeheaded Grasshopper
(Phoetaliotes nebrascensis)
Gladston Grasshopper
(Melanoplus gladstoni)
Dawson Grasshopper
(Melanoplus dawsoni)
Cudweed Grasshopper
(Hypochlora alba)

Total

Total

Grasshoppers

Grasshoppers

(Sample Size)b

Infestedc

33

9

15

27.27

45

5

12

11.11

101

4

5

3.96

106

4

6

3.77

32

1

2

3.13

18

1

1

5.56

20

1

1

5.00

Total
Mites

d

Infestation
Rate (%)e
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Table 3. Infested Grasshopper Species of Grasshopper Mites, (Eutrombidium spp.
and Leptus spp.) for 2017, Eastern South Dakota

Grasshopper Species

a

Redlegged Grasshopper
(Melanoplus femurrubrum)
Differential Grasshopper
(Melanoplus differentialis)
Largeheaded Grasshopper
(Phoetaliotes nebrascensis)
Twostriped Grasshopper
(Melanoplus bivittatus)
Slantfaced Pasture Grasshopper
(Orphulella speciosa)

Total

Total

Grasshoppers

Grasshoppers

(Sample Size)b

Infestedc

7817

662

1234

8.47

1001

106

256

10.59

3603

51

63

1.42

1249

45

86

3.60

141

2

9

1.42

16

1

10

6.25

742

1

2

0.13

42

1

1

2.38

136

1

3

0.74

42

1

1

2.38

Total
Mites

d

Infestation
Rate (%)e

Shortwinged Toothpick
Grasshopper
(Pseudopomala brachyptera)
Meadow Grasshopper
(Chorthippus curtippennis)
Keeler Grasshopper
(Melanoplus keeleri)
Dusky Grasshopper
(Encoptolophus costalis)
Carolina Grasshopper
(Dissosteira carolina)
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Table 4. Infested Grasshopper Species of the Grasshopper Mites, (Eutrombidium
spp. and Leptus spp.) for 2018, Eastern South Dakota

Grasshopper Species

a

Redlegged Grasshopper
(Melanoplus femurrubrum)
Differential Grasshopper
(Melanoplus differentialis)
Twostriped Grasshopper
(Melanoplus bivittatus)
Largeheaded Grasshopper
(Phoetaliotes nebrascensis)
Migratory Grasshopper
(Melanoplus sanguinipes)
Keeler Grasshopper
(Melanoplus keeleri)
Packard Grasshopper
(Melanoplus packardii)
Flabettate Grasshopper
(Melanoplus occidentalis)
Gladston Grasshopper
(Melanoplus gladstoni)
Meadow Grasshopper
(Chorthippus curtippennis)
Slantfaced Pasture Grasshopper
(Orphulella speciosa)

Total

Total

Grasshoppers

Grasshoppers

(Sample Size)b

Infestedc

7155

414

739

5.79

1029

145

422

14.09

2867

134

284

4.67

3302

99

135

3.00

412

13

24

3.16

65

10

21

15.38

32

6

17

18.75

4

2

3

50.00

22

2

3

9.09

986

2

3

0.20

157

2

3

1.27

Total
Mites

d

Infestation
Rate (%)e
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Figure Captions

Figure 1. Total Mites Recorded at Each Location for 2017 Eastern South Dakota.
Black circles with an x in the center indicates mite larvae absence, purple triangles
indicates 1-10 mite larvae, red squares f indicates 11-20 mite larvae, orange pentagon
indicates 21-30 mite larvae and the green cross indicates 31 or more mite larvae at each
location. In 2017 had six locations with over 31 mite larvae at each location.

Figure 2. Total Mites Recorded at Each Location for 2018 Eastern South Dakota.
Black circles with an x in the center indicates mite larvae absence, purple triangles
indicates 1-10 mite larvae, red squares f indicates 11-20 mite larvae, orange pentagon
indicates 21-30 mite larvae and the green cross indicates 31 or more mite larvae at each
location. In 2018 had 12 locations with over 31 mite larvae at each location.

Figure 3. Tukey's Honest Significant Difference Test for Mean Infested
Grasshoppers in 2017 and 2018. Capital letters indicate significant differences in mean
of infested grasshoppers among grasshopper species (P < 0.05).

Figure 4. Average Mites per Infested Grasshopper Recorded at Each Location for
2017 Eastern South Dakota. Black circles with an x in the center indicates mite larvae
absence, red triangles f indicates 0.01- 2, orange squares indicates 2.01 to 4 and the green
cross indicates anything over 4 mite larvae per grasshopper. In 2017 there were 3
locations with over 4 mites per grasshopper.
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Figure 5. Average Mites per Infested Grasshopper Recorded at Each Location for
2018 Eastern South Dakota. Black circles with an x in the center indicates mite larvae
absence, red triangles indicates 0.01- 2, orange squares indicates 2.01 to 4 and the green
cross indicates anything over 4 mite larvae per grasshopper. In 2018 had five locations
with an average of over 4 mite larvae per infested grasshopper.

Figure 6. Infestation Rate Recorded at Each Location for 2017 Eastern South
Dakota. Black circles with an x in the center indicates mite larvae absence, purple
triangles indicates up to 15%, red squares indicates up to 30%, orange squares indicates
up to 45% and the green cross for more than 45%. In 2017 there were 2 locations with
over 45% infestation rates.

Figure 7. Infestation Rate Recorded at Each Location for 2018 Eastern South
Dakota. Black circles with an x in the center indicates mite larvae absence, purple
triangles indicates up to 15%, red squares indicates up to 30%, orange squares indicates
up to 45% and the green cross for more than 45%. In 2018 there were 2 locations with
over 45% infestation rates.

133
Figure 1.

134
Figure 2.

135

Figure 3.

136
Figure 4.

137
Figure 5.

138
Figure 6.

139
Figure 7.

140
Chapter 4

Conclusions

The results from chapter 2 indicate that grasshopper abundance and species
diversity are both important factors for forecasting grasshopper populations and
determining if chemical management is necessary. Although the density of grasshoppers
is important in relation to the threshold of economic injury to rangelands and crops, the
species composition should be examined as well, to determine if any pest species are
present and each species abundance. For example, in chapter 2, the results indicate that
the most abundant grasshopper species are all pests of crop and rangeland. Although the
overall abundance of grasshoppers is low the pest abundance is relatively high. The
density and distribution of grasshoppers throughout South Dakota determined that
population outbreaks are isolated to certain “hot spots” with a majority of locations for
2017 and 2018 in both eastern and western Dakota well below threshold. However, the
current nominal threshold does not consider commodity values and other abiotic stresses
including drought.
In South Dakota, western South Dakota is annually scouted to evaluate
grasshopper populations. These results indicate that more grasshoppers were collected in
eastern South Dakota compared to western South Dakota. However, this difference may
be an artifact of reduced samples from western South Dakota due to time limitations of
USDA-APHIS technicians there. For their annual surveys, the USDA-APHIS counts
adult grasshopper populations but does not identify which species are present. Habitat
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preference appeared to be for rangeland in eastern South Dakota with rangeland having
significantly more total, nymph and adult grasshoppers. Aside from adult grasshoppers in
2018, corn had significantly more grasshoppers for total and nymph grasshoppers. Both
of these significant differences could be due to which habitats are more common in
eastern South Dakota, vegetation type or cultivation practices.
Although sampling could be increased, species accumulation curves revealed that
this would require increasing sampling drastically and would likely only result in a few
additional species from a few individual grasshoppers collected. This determined that this
survey method does suffice for determining common grasshopper species that crop and
rangeland owners may require for selecting a grasshopper management plan. In addition,
Simpson’s Diversity Index showed that overall, species diversity is high between
counties for both years in eastern and western South Dakota with a few counties
indicating low diversity, while many counties indicated high species diversity.
When analyzing temperature and precipitation to assist with future forecasting
techniques, average, monthly temperatures are not as significant in comparison to
average, monthly precipitation for total, nymph and adult grasshopper populations.
Average, monthly precipitation during October, May, and August did seem to negatively
correlate to total, nymph and adult grasshopper population, which could be used in
forecasting techniques for South Dakota. Regardless, temperature and precipitation are
significant to grasshopper populations and relate to higher grasshopper populations.
The results from chapter 3 indicate that grasshopper mites in South Dakota could
be a biological control tool for integrated pest management. During 2017 and 2018, two
species complexes (i.e., Eutrombidium spp. and Leptus spp.) of grasshopper mites were
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observed in South Dakota. However, there were very few grasshopper mites observed in
western South Dakota. Several factors including different habitat as well as collection
and storage methods may explain the low grasshopper mite populations. Many of the
grasshopper mites that were observed on grasshoppers from western South Dakota were
shriveled in appearance. Greater mite larvae abundance was observed in eastern South
Dakota during both years of the study. This study results suggest that the greater
grasshopper mite larvae populations and number of infested grasshoppers are directly
related to the increased grasshopper populations that were observed in eastern South
Dakota during this study. In addition, the sampling and storage of the grasshopper mites
from eastern South Dakota resulted in well preserved mites. This indicated that that a
statewide survey conducted by a single institution would provide more reliable results.
Differences in the number of samplers, the number of samples, sampling methods and
storage procedures could reduce sample accuracy. A single methodology would reduce
inter-sampler variability and also ensure that all samples are treated equally prior to
evaluation and identification.
Because grasshopper mites that are observed infesting grasshopper nymphs and
adults are larvae, they are challenging to identify. Mite experts recommend identifying
the deutonymph or adult life stages. To ensure that mite identification was accurate,
samples were sent to the University of Arkansas where two mite experts examined them.
They determined that the individuals that were sent belonged to two different species
complexes that are difficult to identify to species even with DNA analysis. Therefore, we
observed Eutrombidium spp. that have larvae that prefer attaching to grasshopper wings
or wingpads, and also Leptus spp. that have larvae that prefer attaching to the legs, thorax
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or antennae. Additional research will be necessary before the species complexes can be
identified further. This currently limits the understanding of which grasshopper mite
species are of importance. All of this knowledge will be necessary to allow the
implementation of grasshopper mites into grasshopper integrated pest management
programs. Of the two species complexes, Eutrombidium spp. were significantly more
common than Leptus spp. during both years.
Overall, more grasshopper nymphs were infested, but had a similar average of
mite larvae compared to adult grasshoppers. This could be due to more nymphs were
collected than adult grasshoppers, nymphs may be easier for grasshopper mite larvae to
attach to than adult grasshoppers, especially if mite larvae are hatching near locations
were grasshopper nymphs hatch, and molting reduces the infestation of grasshopper
mites, explaining why fewer were present on adult grasshoppers. In addition, more male
adult grasshoppers were infested, but had a similar average of mite larvae compared to
female, adult grasshoppers. This could be due to more males were collected than females
or male activity levels put them at greater risk for becoming infested with mites than
female grasshoppers. Grasshopper mite larvae on female grasshoppers cause greater
effects in reduced fecundity and oviposition disruption, while mite larvae on male
grasshoppers may only disrupt mobility and increase vulnerability to predation. Habitat
was not significant for number of grasshopper mites or number of infested grasshoppers.
Fewer grasshopper species were infested in 2017 than 2018 for western South Dakota,
but 10 and 11 species of grasshoppers were infested in 2017 and 2018 (14 total) in
eastern South Dakota. Melanoplus differentialis Thomas (differential grasshopper) had
significantly more mites per grasshopper than the other species, but Melanoplus
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femurrubrum DeGeer (redlegged grasshopper) had a greater number of infested
grasshoppers. Since mites are known to infest any species of grasshopper, the difference
in infestation rates is likely due to more to which grasshopper species are observed most
frequently in the populations with the genus Melanoplus being the most commonly
observed and infested.
The most important conclusion to be made; however, is that more data is needed
for both studies, especially the second study. For the first study, to determine the full
scope of species diversity for South Dakota, all sites sampled by USDA-APHIS should
be analyzed for species composition in western South Dakota and annual surveys of
abundance and species diversity should continue for eastern South Dakota to better
educate crop and rangeland owners on grasshopper management practices. In addition,
numerous years of abundance and species diversity data should be analyzed to develop a
model for predicting grasshopper populations. Currently decades of research are required
to even begin attempts at a statewide model; however, if South Dakota were divided into
multiple zones based on geographic, vegetation, precipitation and temperature
differences, a model could be created using fewer years of data and possibly increase
accuracy. This model may need to include multiple samples throughout the year to
increase predicting accuracy.
For the second study, the survey should include both grasshopper mite
deutonymphs and adults as well as increasing the sampling period to the entire growing
season to determine the true density and distribution throughout South Dakota. This
would give a better understanding of grasshopper mites as a tool for integrated pest
management. In addition, the effects of pesticides and cultivation practices should be
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examined to pinpoint possible negative effects on grasshopper mite populations. Habitat
manipulation and other positive effects on grasshopper mite populations should also be
identified as very little is understood in this area.
The results from these studies indicate that additional research into the
grasshopper populations present in South Dakota are necessary. Annual surveys should
be conducted to evaluate the long-term impacts of management and environment on
grasshopper populations in South Dakota. Additional research is also necessary to
evaluate the importance of the grasshopper mite assemblage that is present in South
Dakota. Although grasshopper populations were relatively low during this study,
historical evidence indicates that they can be a major pest of both crop and rangeland.

